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PREFACE. 



There are many escellent books on the microscope, and 
many on special Bubjects requiring tlie use o£ the microscope 
as a -working tool for investigation. In the most of these 
"bookSj however, the desciiptious of methods are so inter- 
woven with other matters that the inexperienced student is 
confused and, in many cases, is unable to separate the essential 
from the non-essential. I'oo much is assumed to be known, 
or is left to be filled in by an instructor. None of these books 
gives to the private worker, in simple and concise language, 
detailed directions for the many processea that he must learn 
in order to make practical use of the microscope. 

A large amount of apparently unproductive work must be 

done before the microscope can be advantageously used as a 

working tool. It is of the highest importance that this work 

be done at as early a stage as possible, and -withont waste of 

time. This book is professedly for beginnera and private 

■Workers, and is designed to afford the means of acquiring this 

necessary training;. The methods here described are practical 

methods which have stood the test of general nse. They are 

the methods employed by scientific men the world over. It 

would not be possible, in most cases, to give credit to the 

■originators of the processes, as the processes have been the 

result of slow growth, and liave been 30 modified by different 

■Workers that they have becom.e comm.on property. Credit 

can, therefore, be given only in this general way to the books 

and workers that liave furnished the material which has 

been drawn upon. 

til 
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PBEFAOK. 



These pages are the outgrowth, of the author's experience 
in the use uE tlie microscope in the various branches of scien- 
tific study pursued in the secondary schools- Th-ey are the 
result of many hours of pleasant work, and of many hours, of 
laborious reading in the search of what, in many cases, could 
not be found in the books eonaulted. 

Only BO much of the mechanical construe 6ion of the 
microscope and of the theory of light is given as seems 
absolutely essential to an intelligent understanding of the 
instrument J otlier books treat eihaustively of these subjects. 
The theory of polarized light has been somewhat fully consid- 
ered, in part because of its important applications and great 
interest, and in part b&cause this subject is so brietly aud so 
vaguely treated in most books on the microaeope. The sub' 
ject ia deep, and it ia not easy to treat it in a popular way. 
An attempt has been niiide, while adhei-iug to scientific accu- 
racy, to explain in simple language the principal phenomena 
of polarized light so far as they have practical application in 
the use of the microscope. 

The author wishes to express his sincere thanks to the 
following gentleinen who have carefully read the proof and 
offered many valuable suggestions: Professor Leslie A. Lee, 
BowdoEU College; Dr. S. G. Shanks, Albany, N.Y. ; Principal 
Clarence E. Kelley, High School, Haverliill, Mass. ; Dr. S. G. 
Bonney, Denver, Col. ; Mr. George L. Chandler, High School, 
Newton, Mass. ; Rev. J. D. King, Ph.D., Cottage City. Mass. ; 
Dr. W. H. Sylvester, Natick, Mass. 

Acknowledgment is also made to the Bausch aad Lomh 

Optical Co., Rochester, N. Y. ; Queen & Co., Philadelphia; 

and Williams, Brown & Earle, Philadelphia, for the use of 

rotypes illustrating microscopes and accesSiOry apparatus. 



0, H. C. 



N.H.,Dec«mbfiE, 1993. 



PREFACE TO THE SECOND EDITION. 



This book, as originally written, was intended for begin- 
ners working privately without the assistance of experienced 
instructors aod witboat tlie apparatus of a well-^qnipped 
laboratory. It was, therefore, thought best not to include 
processes wliieh require expensive aK'.cesaory apparatus and a 
consideralple outtit of cheinicala. The complicated processes 
neceaaary for the best results with delicate tissues were also 
oiiiitted as beyond the needs of the meie beginner and aa 
litely to i-Uscoiu'age him in his first efforts. 

The fivot with which the book has been receiyed in the 

laboi'atories of eeveraJ. leadiug colleges has led to the addi- 
tions which have been made in this edition to include tlie 
proeeases of microscopic technique that are needed in such 
laboratories. Wlule the book has been extended to meet the 
needs of more advanced workers, it is believed that it ia 
none the less adapted to the needs of beginnera and piivate 
workers. 

The author wishes to make especial acknowledgment of 
indebtedness for suggestions to Professor Frederick C. New- 
combe, of the irniverfiity of Michigan, and to Professor F. 
D. Kelsey, of Oberiin College. 

C. H. G. 
W.&VAN, Nrwtom, MasB., May, 1896. 
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PRACTICAL METnODS IN MICEOSCOPT. 



microscope, requires atteation here. Place the eye on a 
level with a gas or lamp flame and raise a glass of water 
steadily above this level between the eye aud the flame. 
When the water is held in a particular position, the flame 
■ is seen reflected, as from a mirror from the under part of 
I the upper surface of the water. 

^^^^^ T 7 Fig. 5 fshowa the reason. Let 

'^^^^H / H/ AB be the surface nf the water. 

^^^^P / y^ The ray of light ^0 in passing 

^^^^^ / y' from the water into air is re- 

f A o\/^ B f^'^'^t^d away from the perpen- 

[ - ^.-^^ — *" ■ dicular CO along the line 01'. 

' .-'^ //■ ! ^><, '^\\^ ifty QO is refjacted along 

' .---'''' ,.■'/"' , '-V OH^ the angles o£ refiuction 

increasing more rapidly than the 
angles of incidence. If we con- 
iL Fi« 5 ~ tinue to take the successive 

^^P rays, a ray will be found, as 

5'0, whicit strikes the surface AB at auch an angle that 
the angle of refraction COB is a right angle. The re- 
fracted ray just grazes the surface of the watt^r, passing 
along the line OB. All lays between B'O and ^0 cannot 
pass out of the water, but are totally reflected from the 
surface. The angle of incidence B' OD ia called the critical 
Or limiting angle. Whan the light strikes the surface of 
a transparent medium at an angle greater than the critical 
angle, this surface ia a perfect mirror. The critical angle 
for water ia about 48° 30'. It is different for different tiuh- 
stances. For the diamond it i& 23° 41'. The brilliancy of 
the diamond and other gems is due to repeated total 
flections of the light within the gem. 
The Doatle-Convex LenB. — Fig. 6 repre.senta two prisms 
ed base to base and the paths of iti^s of light ixQja the 
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LIGHT AND THE MICROSCOPE. 




the plano-concave lens of flint glass, hot for some purposes 
the order is reversed- These lenses are called achromatic, 
and are used in the construction of all optical 
instruments of high grade. Apochromatic ob- 
jectives are a modciru triumph of the opticians 
in which the correction Is practically made for 
thiee colors. 

The Simple Microscope. — Eveiy double-convex 
lens is a simple microscope. The manner in which 
it acta is illustrated in Fig, 9. A ray of light com- 
ing from the point A on the airow AB^ placed Fio. 8. 
just within the principal focus of the lens, is refracted on 
entering the lens and again on leaving it, passing in the 
line SK to the eye. The eye looking 
along the line KHA* seema to see the 
point A at A\ the position being deter- 
mined by the intersection of the Une 
KA' and the secondary axis PA'\ simi- 
larly the point B appears at B'. In 
like manner we could draw lines to 
show that all the rays coming from all 
the points of AB would be so refracted 
that they would appear to come from 
points on A'B'. We thus see an en- 
larged imagu of the arrow AB in the 
position A'B'. It is to be noted that 
the image is not inverted. 

A simple microscope consists, then, 
of one or more convex lenses mounted 
in such a way as to he convenient to 
Use for the purpose for which the micro- 
scope was designed. Any lenses of the 
convex series — double-convex, \Aa,i\Qf **** -^7^." 




Pu.TB VLL Hogweed, Amhrosia artimi^ti:/olia .... 217 

L Pan of transverse section of the fltetn, Bliowing filiro-TBSCular 

^K biiDdles aiLd parGncbyma. 



PlATfl VJIl, FcBtal Thigh Bone, Trangversei section 
Plate IX. EumsD Eitkiey 
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Plate X. Tongue ol Cat 

Longitudinal vertical aectlon of the upper portioa near the 
tip, ahowing the papiiiEe. 

PiiTB XL Fossil Wood. SUicified Conifer from TftUowstone Park 233 
TraoHTerae section of the steoi, ahoniiig annual la,yera of lilte 
wood ; the wood tissue appears as tracheldes cut acroas. 

Plate STI. Fossil Wood. Silicified Conifer from Yellowstone Parlt 223 
Radiai section of the etem^ showing annual layers, medallary 
rays, aad tracbei'des with bordered pila. 



PuTB SIIL Burdocli, Lappa major ...... 

^H Fartof transverse section of the petiole, showing fibro-voscu- 

^H lac- liiindle^ in diHergut atages of develuptnetit^ j^a^rencliyiua, and 
P hairs. 

' Plate XIV. Cinnamon Pern, Osmunda dnnamoiwa 

Part of transverse secLion of stipe, showing the fibro-vascular 
btitidle, whicL La made up mainly of scaUritorio vessel? and sieYe 
tabes. 

late XV. Hale Fern ...<>■ r > • 
Fstrt of a kof, showiiig fructlflcatloD. 

ITB XVT, Tritlcum jvnce-um 

TranaveisB section of the leaf, showing haira. 



22S 



2S5 



227 



237 



rs XVTL Petiole of Yellow Water-Lily, Niiphar advena . . 227 

Part of transverae aection, sliawing Btmcture similar to that 
I Plate 1. 



L10HI AND THE MIOKOSCOPE. 



13 



The Compound Microscope. — The simplest form of com- 
pound microacope consists of two convex lenses: one 
small and placed near tbe object ; the other Lirger and 
placed in such a position that the image formed by the 
small lens is in its focus. The small lens is called an 



Ell 








objective from the fact that it is placed near the object ] 
the larger lens, an eye-piece or ocular, from the fact that 
the eye is placed neai' it to make observation. Fig. 13 
shows how the objective forms a real, inverted image of 
the object AB at A'B'. If a screen of oiled paper or 
delicately ground glass la placed here, the inverted Ibxcj^ 
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of the object will be seen upon it. The eye-piece acts 
as a simple microscope to Tnagnify this iniag^e. 

In practice, an objective consistf^ of two, three, or four 
achromatic convex lenses placed near togBther. The lens 
nearest the object is called the front lens or front com- 
bination ; the one furthest from the object ia called the 
back combination. These! different lenses act tog^ether 
to magnify the object. Two or more lenses of slight 
cui-vature are used rather than one of considerable cur- 
vaturct as it is found that spherical aberration and disper- 
sion are thus reduced to a minimum. 

The eye-piece sometimes consists of a single oonTex 
lens. It is then known as a posi- 
tive eye-piece and is really a aim- 
pie microscope, aa iAf in Fig. 13. 
More commonly a Hnyg^heniau 
eye-piece ia used. This consists 
of two convex lenses. The one 
nearest the eye ia called the eye- 
len:^ ; the other, the field-leus. 
The field-Iena acts precisely as 
one of the lenses of an objective, 
and is regarded by many as con- 
stituting a part of the objective. 
The mys of light from the object, 
after passing through the objec- 
tive, pass through the field-lens 
of the eye-piece before coming to a focus. Refracted by 
the field-lens they form the inverted image of the object 
between the field-lens and the eyedens, as A'B', Fig. 14. 
If the eye-lens is removed and a piece of oiled paper 
"ored into the eye-pieeOi an image of the object will be 
on it when it is carefully held ti'ansverselj' in the 




Fig, 15. 
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tube at tlie proper distance frara the field-lenB. The dia- 
plirag-ni of the eye-piece is in the plane where the imtige 
is formed- When an eye-piece Tnici'ometer is used, it is 
placed in this position. The eye-lens acts as a simple 
mlcrosciope and magnities this image. It is thus seen 
that with the compound microscope the image appears 
invei-ted whether the positive eye-piece or the negative 
Huyg'henian eye-piece is used- 

The compound microscope is then au application of con- 
ves lenses. The stand with nil its various ptirts Is only 
si, convenient means to render the use of the lenses easy 
and bring out their full powei-. In Fig. IG, A is the 
objective^ B the eye-piece, C the tube or body. If the 
draw-tube, E the nose-pieea which adapts the objective 
to the body, F the stage, G- the sub-stage which receives 
various accessories, if the mitTor, K the mirror-bai', J the 
base, L the flexible pillar, the arm, Sf the coarse 
adjustment by rack and pinion, iV the fine adjustment. 
On the stage is seen a microscope slide, thi'ee inches by 
one in dimensions, held in position by spring clips. 

S^lwtion of a Microscope. — Much has been written in 
regard to the selection of a microscope, but to very little 
purjmse. It is impossible for one person to give another 
very definite practical adviee on aueh a matter. Tastes, 
purses, and the object for which the insttument is to b^ 
used differ, A few facts should, however, be borne in 
mind. Very cheap microscopes are useless for practical 
purposes. It is poor economy for a beginner to suppose 
that a cheap stand is good enough while learning to use 
the niicroscope- It is good economy^ although the first 
outlay will be somewhat greater, to purchase a stand of 
thorough workmanship, of sufficient steadiness to bear any 
objective, and of such construction as to tfe'i'ivi'a isEt^ '^^ 
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the Bub-atage accesaoriea. Such a stand admita of the 
highest character of work and of unlimited development 
in microscopical skill on the part of tlie possessor. It 
must, of couise, he used with especial care by tlie beginner, 
but the exercise of this care is the very beat means to 
educate cue to a careful and painstaking system of work- 
ing, the secret of success in microscopical manipidation. 
The prospective purchaser will, of course, consult his 
microscopical friends and learn what he can about their 
inetruments and receive the beneht of their experience. 
He will also obtain the catalogues of several of the most 
reputable makers of microscopes, compare the instruments 
and prices, and will purchase only of makers of established 
reputation, who place their names on their apparatus as 
a guarantee that it is what it ia represented to be. 

For a beginning, the stand with two eye'pieces, A and C 
(the latter fitted with an eye-piece micrometer), and two 
objectives, a three-fourths or two-thirds inch and a one- 
fifth or one-sixth inch, ia ample equipment. As knowledge 
of the instrument and experience in its use are acquired, 
other parts may be added- An error that ia commonly 
made in first purchases is to obtain a multiplicity of acees- 
Boriea that are afterwards found to be useleas. It ia niucli 
the ■wiser coui-se to purchase accessories as they become 
actual necessities. 

Care of the MicroBcope. — The microscope shoiald be kept 

scrupulously clean in all its parts. The metal portions 

may be wiped along the grain of the finish with a piece of 

old, soft linen. The <.lcaw-tube should be thus wiped occar 

sionally. No alcohol or other fluid which dissolves i-esinous 

tauces should be allowed to come in contact with the 

, or the lacquer finish will be dissolved. 

fit may be removed from the lenses with a piece of 
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old, soft linen or a camelVhair brusli. One or two folds of 
tlie linen over the end of a stick of pine wood, previously 
chewed until it is quite soft, serves well to reacli the 
smaller lenses. Professor Gage of Cornell University 
recommends very Itiglily for cleaning lenses the bibuloua 
Japanese filter paper much used by dentists. Do not 
touch the lenses with the bare fingers. After wiping, 
breathe upon the lens. If it is optically clean, the moist- 
ure will disappear almost instantaneously. If it is not 
clean, the moisture will persist. 

To remove the objective from the stand, lightly grasp 
the lower part, witliout touching the glass itself, with the 
thunih and foi'eflnger of one hand to guard against drop- 
ping the objective. Place the thumb and forefinger of the 
other hand on the milled rim at the upper part of the 
objective and unscrew it- In replacing the objective on 
the stand, use the same precautions. The lenses of the 
objective shonld not be sepaiuted unless one has hiid con- 
siderable experience with optical apparatus, and in the case 
of the lugher power objectives it is perhaps best to send 
them to the makers of the instrument if they need to be 
taken apart for any reason. It will seldom occur that this 
is neceas^ary. 

lu the course of use the front lens of the objective ia 
liable accidentally to come in contact with the reagent 
used in the study of the specimen. It should be wiped 
immediately. If it has touched Canada balsam or other 
resinous suhstiincea, it may be wiped with a piece of linen 
moistened with alcohol, taking great care that the alcohol 
does not come in contact with the bi-ass mounting of the 

iective. After using the alcohol, wipe immediately with 
', soft linen. 

jpecks in the field of view are most commonly due to 
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dust on the field-lens of the eye-piecB. Dust is liable to 
collect on both the field-lens and the eye-lens. Either 
lens may be utisci'ewed from ita mounting and wiped, 
with the precautions already mentioned, "which apply 
to the cleaning of any of the optical parts of thb in- 
strument. 

To detefmine when the dust has been entirely removed, 
place the eye-piece in the tube, focus siiarply on a well- 
Uglited field, and then slowly revolve the eye-piece. If 
there are any particles of dust on either of its lenses, they 
will revolve, while dust specks on the slide, mii-ror, or 
objective remaiu stationa.ry. To ascertain if the dust in 
on the slide or mirror, move first one, tiien the other. 
The dust will move with the sliile or mirror, it there is 
any on either,, If, after these man ipuLat ions of the eye- 
piece, slide, and mirror, there are still dark patches which 
have not moved, there is tlirt on the objective. 

The GlaBs Blip. ^ Objects to be examined under the 
microscope are placed upon g-lass slips three inches long 
and one inch wide. These should be purchased ready fnv 
use. Only those with ground edges should be used, and 
it is economy Ln safciafaetion, if not in money, to buy a 
good quality. Recent impiavementa in the processes of 
manufacture, and the increased demand arising from the 
great advance in the popular use of the microscope in the 
past few yeai-s, have caused large reductions in the prices 
of the slips, so that the purchase of the best is now no 
great burden. Slips with unground edges are very liable 
to leave serious scratches on the stage of the microscope. 
Slides made from such slips are unsightly and lessen the 
ambition to produce perfect work. It is a waste of time, 
whicli can better be given to something else, to attempt to 
grind one's own slips. 



30 



PRACTICAL METHODS IN MICROSCOPY". 



Hie Cover-Glass. — If tlie object is to be examined in 
any fluid medium, it vmat be covered with a piece of thin 
glass, known as the covei'-glass. This is used in part to 
protect the objeutive, in part to flatten the object, but 
more particularly to prevent the refraction of the light 
■which would occur at the curved sui'face of an uncovered 
drop of fluid. This refraction of the light would cause 
a very distorted image of the object to be formed. The 
curved surface of the drop would act precisely as the 
curved surface of a lens. The cover-glass itself exerts 
a very great iniiuencB on the light, but this influence ia 
far less objectionable than tliat of a distorted drop of 
water. 

The thickTies3 of the cover-glass is also a matter of 
iwpoiiaiice. A study of Fig. 17 will make plain how the 

thickness of the cover-glass affects 
the clearness of the image. The 
figure ia drawn for a dry monnt. 
Let A represent a point on an 
object, and JUF the cover-glass. 
A luy of light, AB, from the 
object, on striking the lower side 
of the cover-glaas, is passing from 
a medium, air. whoBe refractive 
index is 1.00029-4, into another 
medium, plate glass, whose refractive index is 1.53. The 
relative index of refraction ia 1.52. The ray is therefore 
refracted towards the perpendicular MN erected on the 
lower surface of the cover-glass at the point where the ray 
strikes. On passing fi-om the eover-glaas into air, the ray 
passing fi-om a medium whose refractive index is 1.53, 
tinto a raediiim whose refractive index is 1.000294, The 
irelative index of refraction in this case is .65. The ray is 
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now refricted away from the perpendicular, and as t}ie 
conditions in the second refmction are the exact reverse 
of the cotiditions in the first refraction^ its coarse after 
leaving the upper surface of the cover-glass la parallel 
with its coui-se before entering the cover-glass. The ray 
has suffered dia placement. A' B ahows the direction from' 
which it appears to come, and the point where the line 
A'B crosses the optic axis of the microscope, BA^ shosvs 
the position in which A appears to the observer in so far 
as this particular ray helps to form its image. It is 
apparent from an inspection of the figure that the greater 
the thickness of the cover-glass, the greater the displace- 
ment of the ray. It is also to be remembered that this 
displacement is magnified when observed through the 
microscope. The line A"0 shows the apparent direction 
of the ray AQ. Should we, in like manner, construct 
lines for other rays coming from the point A and trace the 
directions back, we should see that all are displaced in 
varying degrees. The result is, of course, the blurring 
of the image. 

This defect of the cover-glaas can to a consideifible 
extent be remedied in the construction of the objective. 
Except in the case of collar adjustment objectives, which 
will be considered later, it must be done for a particular 
thickness of cover-glass. It is accomplished by giving 
the lenses such shapes, and placing them at such di.stances 
from one another, that the rays which have been di.splaced 
are refracted back, so that they appear to come from their 
real source, the point A in Fig. 17. Microscope makers 
correct their non-adjustable objectives for the particular 
thickness of cover-glass and for the particular length of 
tube wliich they have severally adopted. It is unfortunate 
that the makers have not agreed upon the same tla.vi^ji.'sKft. 



22 



PRl 



oi cover and th.© same tube length. The tube Isngth 
adopted by opticians of high reputaUon vaiies from 125 to 
254 ^liUi metres. TJie thit^kuess of covers udoptuil varies 
from one-tenth to twenty-five hundredths of a miEliraette, 
If an objective corrected for a cover one-tenth of a 
millimetiti Lliick hd uaed on one twenty-tive liundredtha 
of a milliQietie thick, the image will be blurred, and vice 
versa. If it is necessary to use cover-glasHtis that are too 
thick or too thin, the defect eau to a coiisidenibie extent 
be reiHi^died by using a greater length cjf the draw-tube 
when the cover is thinner than tlie standard thickness for 
which the ohjective was couati-ueted, and by shortening 
tlie draw-tube, if the stand is constructed so !i8 to allow it 
to be done, when the cover is too thick- In examining 
permanent mounts, when the thickness of the cover-glass 
is not known and CJiiinot be meaaufed, the proper length 
of the draw-tube should be found by trial. Focus sharply 
with the tube of the length for which the objective was 
constructed. Then lengthen or shorten it until the 
clearest image possible is obtained. Such intelligent use 
of the dra^w-tube aids greatly in securing a clear image 
and in bringing' out the higliest capabilities of the ob- 
jective. The foregoing considerations show that it is 
very important to know the thickness of the cover-glass. 

Cover-GIaw Gauge. — Several devices have been con- 
trived for meaBLiring the thickness of the cover-glass. 
A very commendable form has recently been placed upon 
the market at a reasonable price by the Bavisch and Lomb 
Optical Company. It is shown in Fig. 18. The cnver- 
glass is placed in the slot provided for it, and the 
micrometer screw turned until the end touches the cover- 
ts ). The thickness in fractions of >a millimetre or of an 
^M is then read directly from the drum. The drum also 
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Inuneraion Objectives. — For the more advanced histolog- 
ical, and especially for bacteriologLcal work, high power 
immersion objectives are required. These may be divided 
into two classes, those witli which water ia used fis the im- 
roej^ion fluid, and those with which an oil is used, usually 
cedar oil, or some fluid especiftSly prepared by the opticians, 
and having a refractive index about the same as the refrac- 
tive iudex of the front lens of the objective. This fluid ia 
called homogeneouB immersion flQid, as it is homogeneous 
as respects its refracting and dispersing power with the 
glass of the front lens. The objective is called a homo- 
geneous immersion objective. Objectives used with water] 
are called water immersion objectives. 

In using an immemon objective, a small drop of the. 
fluid is placed on the front of the front lens or on the 
cover-glass, and the objective carefully lowered until 
the fluid forms a connection between the objective and the 
cover-glass. The objective is then fncnssed by means of 
the fine adjustment, and, if the objective is adjustable, 
"by the collar adjustment. The principle upou which an 
immersion lens works and its superiority over a dry 
objective will be apparent from a stucly of Fig- 19- 

A ray of light starting ffom the point A of the object 
the slide, glasses from the balsam to the U]>per surface 
;he cover-glass with only a slight change of direction. 
he lower surface of the cover-glass ; for, as will be seen 
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by inspecting the table of Indices of Refraction given in 
Chaptei- I., it is passing from a medium, Canada balsjim, 
whose refractive index is 1.54, into another medium, the 
oavei'-glaaa (plate glass), whose index of refraction ia 1.63, 
or from a denser to a slightly lurer medium. The relative 
index of refraction is .903, which shows that the ray is 
sliglitly bent away from the perpendicular, 

If now a dry objective is used, the ray, in passing from 
the upper surface of the cover-glass into the air, is passing 
from a mediura whose index of refraction is 1.53 into a 
medium whose index of refraction i* 1.000294, The relar 
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tive index of refraction ia .653, which shows that the ray 
ia much bent away from the line CR, erected at the point 
where the ray strikes the upper sui-face of the cover-glass 
pei'pendicular to that surface. This perpendicular is, of 
course, parallel to the optic axis of the microscope. The 
ray takes some such direction as CP and fails to reach and 
enter the front combination of the objective. 

If, instead of the dry objective, a water immersion 
objective in used, the ray, in passing from the cover-glass 
into water, is passing from a medium whose refractive 
indei is 1.53 into a medium whose refractive index is 
1.333. The relative index of refraction m. ^]Kva <c»saSa ^*V. 
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This shows that tlie lay is still refracted away from the 
perpendiculai' to a considerable exteut, but by no means to 
so gieat an extent as when the dry objective was used. 
The ray takes some such path as CJi, and also fails to 
reach tmd ente'r the front lens of tlie objective; but it is 
evident that many moi-e rays will enter a water immeraion 
objective than can enter a dry objective o£ the same 
angular aperture and working distance. 

If we use a homogeneona immeii3.ion objective, the ray, 
in passing from the cover-glass into the Immogeneoua 
immersion fluid, is passing fi"ora a medium whose refractive 
index is 1.53 into a medium whose refractive index is 
1.51, The relative index of refraction is .987. The rAj 
is but slightly refracted, away from the perpendicular. 
It takes some such path as CL, reaches and enters the 
front lens of the objective without refaction, as the re- 
fractive index of the froufc lens (crown glass) is the 
same as the refractive index of the homogeneous immersion 
fluid. It is evident tliat the honjog-eneous immersion 
objective receives a much larger number of rays from the 
point A than does a water immei-sion objective of the 
same angular aperture and working distance. 

The importance of causing the largest possjiible number 
of rays from the object to pass througli the objective is 
manifest, when we consider that the perfection of the 
image depends on the number of rays that help to folin it. 
The gain in light is also of great consequence, for, with 
high-power objectives having three and fpur combination- 
lenses, the absorption of light is considei'able. 

Adjiutable Objectives. ^ To remedy the evil effects of 
^^HB|> in the thickness of the cover-glass, and to 
^^^^^Kte for variations in tlie refractive index of dif- 
^^^^^■ver-glasses, and for changes in the tube lengthy 
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which result when diffet-ent eye-pieces ai'e used, liigh- 
power objectives, both diy auJ immersLon, are made with 
means of adjusting' the distance between the front and 
back combiuatiojis of the objective. Theoretically, homo- 
geneous immersion objeetives do not require to be made 
adjustable, and many of them are not so made; but 
becaiLse the conditions for which they are made can 
seldom be perfectly met, becauae of the variation in the 
refractive indices of different cover-glasses, and because 
the immersion fluid and other factors which influence 
the working of the objective are liable to vary, the 
highest grade homogeneous immeision. objectivea are 
made adjustable: water immersion objectives are always 
made adjustable. 

An objective is made adjustable by mounting either the 
back or the fiont combination so as to be moved up or 
down by means of a milled collar. This collar is graduated 
arbitrarily, and when the adjustment is at the medium 
point, the objective is corrected for the standard thickness 
of cover-glass, and the standard length of tube used for 
all objectives by the maker. When the adjustment is 
at the lowest point, the front and back combinations 
are separated and adjusted for the thinnest cover-glasses. 
When the adjustment is at the highest point, the lenses 
are brought nearest together and adjusted for thick covera. 
In some objectives the front combination is movable; in 
others, the back combination. The latter arrangement ia 
the one now in common use, aa tbe objective is much 
more easily handled. 

The manipulation of adjustable objectivea calls for the 
highest skill of the microscopist. Only pmctice gives 
proficieiicy in handling them. General directions can be 
given, but much must be left to the ^atwiiX ^TKa^^jsasisya 
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of the worker. Some useful hints on their manipulatioa 
are given in Chapter TV. 

Angular and Numerical Aperture. — Since the perfection 
of the image depends upon the number of rays wliiuh 
help to form it, the eiliciency of an objective depends 
upon the number of rays it can transmit- Dry objectives 
were long- eompaitid with one another by comparing tlie 
angles fornied by the moat divergent rays which caa 
pass through the objective from a point on the object 
situated on the optic Eixis of the microscope. These 
angles are called angles of aperture. In a similar way, 
wa,ter immersion objectives were compared with one 
another, and also homogeneous immersion objectives were 
compared among themselves. There was even confusion, 
and objectives of one kind were compared with those 
of another kind by the angular apertures. Even when 
objectives of the same kind are compared, only rude ideas 
of the relative efficiencies are obtained- The ei^ciencies 
are really to one another as the sines of one-half the 
angles of aperture. 

If, however, we wish to compare dry, water immersion, 
and homogeneous immersion objectives with one another, 
we must find some means of compaiing the number of 
rays which can pass through these different kinds of 
objectives. Professor Abbe of Jena first demonstrated 
the fact that the relative efBcieneies of objectives could 
be expreased by the numbers obtained by multiplying 
the sine of one-half the angle of aperture by the index 
of refraction of the immei'sion fluid employed. The 
result is called the numerical aperture. It la calculated 
"ij the formula N.A- = wsin.M, where N.A. stands for 

•mterical aperture, n for the index of refraction of the 

uuersion fluid employed, if the objective is an iinmerBion 
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objective, or of air, if the objective is used dry, and sin w, 
for the sine of one-hatf of the angle of aperture of the 
objective. 

If, for example, we wish to compare three objectives 
each ^LD. fociUB, the first, dry, angular aperture 1S5°; 
the second, water immersion, angular aperture 170°; 
the third, homogeneous immersion, angular aperture 138"; 
they do not compare as the angles 135°, 170°, and 138°, 
but obtaining the sines of one-half of each of these angles 
from a table of natural sines, and making the substitutions 
in the above formula, we hiive for the dry objective, N- A. 
= 1.000294 X .9239 = .924; for the water immersion 
objective, N. A. = 1.33 x .9962 = 1.32; for the homo- 
geneous immersion objective, N.A. =1.51 x .9336 — 1.41. 
The efficiency of these three objectives is then as ^924, 
1.82, and 1.41. 

By a similar application of the formula, it may be seen 
that objectives of 82° lioraogeiieous imiuersiou, 96° water 
immersion, and 180" dry, are practically of the same 
efBciency in trJiUsUiitting the light from the object, 

Bub-stag-e Coudenaer. — On account of the great ab- 
sorption of light by high-power objectives, a aub-stage 
condenser must he used in the more advanced studies 
with the microscope. The condenser is a lens or system 
of len-ses wliich converge the Light upon the object. A 
medium-power objective makes a very good condenser 
when the sub-stage is so arranged that the objective can 
be attached with its front lens towartls the object, and 
moved up and down until the object on the slide is in its 
correct focus ; for, like any other lens, the sub-stage 
condenser, whatever its construction, must be fac^ssed^ 
and upon the accuracy with which this is done depends its 
usefulness. 




the disli, K, is turaetl h read by an index. A spring clip, 
JT, may be adjusted to give a pronounced click as each 
division on the xim gf the disk passes it. 
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The Camera Lncida.— The camera lucida is an attach- 
ment to the eye-piece of the microscope, whereby the 
image may be seen 

projected upon the 

surface of a sheet 

of paper. One of 

the simplest forms 

is shown in Fig. 32. 

To use this foira, the 

microscope is in- 

elined. The draw- 
ing surface must be 

placed parallel with 

the tube. The im- 

age of the object is 

then seen without 

diatortioM when the 

eye is plitcjed so that 

the axial ray fi'om it to the drawing surface is perpendicu- 
lar to the latter. The principal dilTicaltiBS to Le over- 
come ariae from the iacIiatLnct- 
nesa of the pencil point, and 
from the fact that the image Is 
inverted. 

Fig. 23 shows the principle 
upon wliich the Abbe camera 
lucida is constructed, and Fig. 
24 shows an improved form. 
These are the best forms of the 
camera lucida made. They 
Ate designed primarily to be 

used with the microscope in the upright position, but may 

also be used with the instrument iucUnftA. "X.^ "s"«»^^"« "^^or. 



FiQ. 23. 
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J 



42 



PBACMCAL METHODS IK MICR09C0PT, 



water is used. The paraffin cup aits in a compartment 
extending deep into thts water. A thermometer indicates 
th<- temperature. The oven is liseful in evaporating vola- 
tile reag'ents from a section, as in removing the clove 
kOil from the collodion fixative used in fixing sections to 
itiie glass slip; also in hardening balsam mounts and some 
kinds of finishing cements. The l>atli is heated over a 
laboratory burner or an oil stove. A temperature of be- 
tween 130° and 140" F. is suitable for most purposes for 
which the bath is used. 



Fig. 31. 



Kg. 31 shows a foTm of water-bath which is convenient 
1 that two cups for the paraffin and places for test-tubes 
<e provided. 
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Micrometers and Micrometry. — There are two simple 
ways of measuring the sLte of an object under the 
Xnicroscope. The first is by means of a stage micrometer. 
A stage micrometer is simpiy a scaie ruled on glass hj a 
dividing- engine. The divisions are usually y^'frfi ^5-5, 
and '^^ of an inch, or, in the metric system, -j^y and ^ 
of a millimetre. The stage micrCHceter is placed on the 
stage, and the object placed above it. The size is read 
directly. Theoretically this is the sirapleBt way to 
measure an object, but practically there are almost in- 
surmountable difficulties in the way of accurate work. 
tjuleas the object is a perfect circle it cannot he made 
to coincide with tbe micrometer in more than one dii^ction, 
and it is probable that it will not coincide even in that 
one direction, for neither the micrometer nor the object 
can be conveniently revolved i30 that the graduations may 
coincide with tbe dimension to be measured. It is, then, 
usually the case that the measurements made with tbe 
stage micrometer are crude and lack much in accuracy. 

Tbe Second way of measuHng is by means of an eye- 
piece micrometer. By this method the object is not 
directly measured, but*the image of it formed in the 
eye-piece. Tbe eye-piece micrometer is also a scale ruled 
on glass. The rulings are generally made ^ of a 
millimetre from one another. The slip of glass is inserted 
in tbe eye-piece just above the diaphragm, and in such 
a position' that the scule is exactly in the plane iu which 
the image of the object is foi-med. As it is the image 
of the object and not the object itself that is measured, 
it becomes necessary to Isnow how much the image has 
been magnified. Tbis differs with objectives of different 
focal lengths, and also to some extent even with objectives 
marked as of the same focal length. It is nece?sA.v^s'Ow«&-i 
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to determine this magnification for every objective used. 
This is done by placing an acuumto stage micrfimeter 
on the stage, and using it as an abject. Observe how- 
many of the divisions of the eye-piece micrometer corre- 
spond to une division of the stage micrometer. Naturally 
the way to do this is to oKserve some nnmber of entire 
divisions of the sta^e micrometer that correspond to some 
number of entire divisions of the eye-piece micrometer, 
and calculate the value of a single division of the eye-piece 
micrometer from these data. The figui-es obtaineil are 
the valuation of each division of the eye-piece micrometer 
Bciile in terms of the divisions on the stage inicrometer. 
These figures must be determined for each objtjctive used. 

These determinations are made by the inaiiufactui~ers 
before the microscope leaves the factory, so that practi- 
cally the user of the microscope, in measuring an object, 
has siiliply to obaerve how many of the divisions of the 
eye-piece micrometer are covered by the object; divide 
tlie reaidt by the number furnished by the maiiufactnrers 
for the objective used, and multiply tlie vahie of one qjace 
on the micrometer scale, usually -j*j of a millimetre, by the 
quotient. The draw-tube must bo placed at the standard 
length. 

As the eye-piece can be rotated, the micrometer scale 
may be made to coincide in direction with any dinicJision 
of the object, so that the diflicnlty experienced with the 
stage micrometer is wholly obviated. 

The unit of measurement adopted by mieroscopists is 

the mioro-millinietre, or -, X^, 2>art of a millimetre. It 

'■> sometimes represented by mmm ; more commonly, and 

f.er. by the Greek letter /*. An object which measures 

I of a milUnietre ir length is said to be 1 /i lougj 

I uly .1)15 mm. ^ 15 //.; etc. 
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To measure the magnification of a camera lueida 
drawing, place a stage niic]'ometer on the stiige with the 
raicroscoi^e an'auged for drawing. Place two dots on 
the drawing-paijer to mark exactly the limits of ths 
inaage of one division of the micrometer scale. With an 
accurate rule measure the distance between the dots. If 
a miorometei', with an English scale, divided in thoiisandtlu 
of an inch is used, and the imagts of one division mensurea 
one-foui'th inch^ the iuagiulica,tiDn is 250 ; similarly, if a 
micrometer, with a metric scale, divided in hundi'edths of a 
millimetre is used, and the image of one division measures 
one inillimeti^, the magnification is 100. 

The DiBsecting^-MicroaeopB. — This accessory is shown in- 
Fig. 25. It is used mainly in the preparation of objects 
for examination under the compound microscope, or for 
permanent mounting. As the dissecting-microscope is a 
simple microscope, the image is not invetted, as is the case 
mth the compound microscope. It is, therefore, easier, 
especially for a beginner, to work with a specimen under 
the dissecting-microacope. 

Dissecting-needles are a necessary accompaniment of 
the instrument. They are easily prepared by thi'usting 
ordinary aewing-needles, eye fli-st, into wooden handles 
about the size and shape of a penholder. 

In using thti diss^ctlng-oiicroscopu, the object to be 
studied is placed on the stage of the microscope in, a watch 
glass, or other shallow dish with a clear glass bottom, or 
on a wide slip of glass, either in its natural state, or in a 
drop of water, or in a dj'op of some other fluid. It may 
then be conveniently dissected, treated with staining fluids 
aud reagents, or otherwise specially prepared. 

Some workers find the dissecting-microacope a neces- 
sity i others accustom themaeLvea to tke Mu^ft. o^ "Owt "sKsssar 
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polarized \ight, or light caused by vibrations in a single 
du-ection at i-igbt angles to the dii-et-tioa iij which the ray 
is travelling. 

Two JJicol prisms appropriately mounted constitute the 
polarizer and analyzer of the miuroscope. One is mounted 
to be attached to the sub^tiige, and h caUud thy polarizer. 
Fig. 34. The other, the analyzer. Fig. 35, is screwed into 
the body of the tube, in the plaee usuiUly taken by the 
objective, and the objective is screwed into the lower part 
of the mounting of the analyzer, nO that the analyzer is 





FlQ. M. 

between the objective and the body of the microsco{ 
The analyzer is sometimes mounted in a double com- 
partment box arranged to slide in and out in the l»dy 
over the objective. In one position of the box the light 
passes through the analyzer. In the other jmsition the 
light passes through an empty opening. This is a very 
convenient way of mounting. The analyzer is also 
ited to be placed over the eye-piece iu some instru- 
I. The only conditions that must be fulfilled are 
objects to be examined by polarised tight muat be 
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placed between the polarizer and analyzer, and tho Nicola 
must be no placad that the whole of the light cau pass 
through them. 

Either the polarizer or analyzer is mounted so as to be 
rotated about the optical axis of the microscope. In the 
better grades of microscopest the mounting of the rotating 
Nicol haa a graduated circumference. When the rotating 
NlcoI is ill the aame position as the fixed Nicol, the axes 
of the Nieols are aaid to he parallel. When the rotiiting 
Nieol has been turned through an angle of 90*, the axes 
are said to he crossed. The effects produced are preciaely 
the same whether it he the polarizer or the analyzer that is 
rotated. For purposes of explanation, it is less confusing 
to consider that the analyzer is turned. In the following 
pages, then, the analyzer will be understood to be the 
rotating NicoL 

Place the polarizer and analyzer on the microscope, 
using a low-power objective and eye-piece, and turn the 
rotating Nicol until the field la well lighted. Observe 
the reading of the graduated circumference, and turn 
the Nieol through 90". The field is now dark. Turn the 
Mcol through another 90°, and the field is again light. 
Turn it another D0% and we have darkness again. Turn . 
it stUl another 90% and we have completed the circle and 
come back to the original position of light. 

We will trace a ray of light in its passage from the 
mirror through the Nieols. As we have seen, the ray Is 
doubly refi-acted by the Nicol, the ordinary ray being 
thrown out of the field of view, and the extraordinary ray, 
which is caused by vibrations in a single direction at right 
angles to the direction in which the light is travelling, ia 
alone left to pass on. The vibrations which produce 
this ray are in a definite plane, oue ^\a.ii\i ^Trcsa.'yt 'Cpik**- 
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to pass through the Nicol prism La planes Ljiug ill a par- 
ticular direction. If the auiilyzL-r is in uxatstly thf name 
position as the polarizer, or if it ia turneil 180° irum. the 
position of the polamer, these particular planes lie in the 
same direction in both polarizer and analyzer. The vihra. 
tions can pass, and the held ia light. Turn either Ninol 
from tliis position, and the particular planes which allow 
the vibrations to pass do not con'espond in direction in 
the two Nieols, As the rotating Nicol is turned from the 
position parallel with the other Nicol, the held graduallj 
grows dark. This is due to the fact that the vibrations 
strike the second Nicol at an acnte angle with its planes 
of vibi*ation, and are mechanically resolved into two sets 
of I'ays at right angles to each other. The rays of one 
set are in the planes of vibration of the second Nicol, and 
pass, lighting the field to some extent; the rays of the 
Other set are at right angles to the planes of vibration in 
the second Nicol, and are suppressed. As the angle at 
which the rays strike the planes of vibi'ation of the ana- 
lyzer increases in size, the resolution of the rays bccninea 
less and less, until, when the analyzer has been turned 90°, 
the t-aye strike the planes of vibration of the analyzer at 
right angles. There is now no resolution of the mys, the 
light cannot pass at all, and the field ia dark. Continue 
to turn the analyzer. The rays now strike its planes of 
vibration at an acnte angle, and are resolved into two sets. 
At first the amount of the resolution is small, but it iu- 
crea-ses until the analyzer is turned ^(f from the position 
of darkness. The rays now strike the planes of vibration 
>f the analyzer at an angle of 0", or parallel to these 
jianes. They are wholly transmitted, and the field ia 
Ight. Note that this is the position 180° frora the first 
josition of lights Again continue to turn the analyzer, 
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and the field gradually grows dark for the same reasons 
as in the first case- 

Colors in Thin Plates. — Cross the Nicols so as to produce 
sl dark iield. Phice nn the sbige of the microscope a thin 
piece of mica, and slowly revolve it. Four positions of 
the mica, or tn^o directions at jight angles to each other, 
will be found in which the field remains dark. For all 
other positions of the mica, the field will he more or leas 
lighted, and if the thickness of the mica plate Is right, the 
light will be colored- The brightest colcis ure seen when 
the mica is turned 45" from the position of darkness. 

Mica is a doubly refracting substance. When in the 
positions of darkness, one set of the planes of vibratinu 
by which light can pai5a is parallel with the planes of 
the polarizer, and the othet set with the planes of vibrii.- 
tion of the analyzer. It is as though one set of these 
planes of vibration in the mica were a continuation of the 
same planes in the polarizer, and the other set a part of 
the corresponding planes of the analyzer. The light is 
not further modified, and the field remains dark. 

In any other positi<ni of the mica plate, the ray coming 
from the lower Niool, striking against the mica, is doubly 
refracted, and passes out of tlie miea as two rays in direc- 
tions parallel to each other. As in the ciise of Iceland 
spar, one of these i-ays is more refracted than tha other, 
and must pass through a greater thiuknesa of miea hefore it 
emerges. It is consequently more retarded than the other 
ray during the passage through the dense miea, and comes 
out a short distance behind the other. If, now, the thick- 
ness of the thin plate of miea is right, the retardation may 
be of such an amoimt that if the two rays can be brought 
together so as to interfere, the waves resulting from the 
interference will be of the right length to ■^\ts$ca-««i 'Owt ■aso.- 
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aation of color. Rul obserre that the rays are each caused 
by vibmtioiw in a single direction, and the direcdons for 
the two rajii are «t ripht miglfts to each other. There can 
be no intorfuretice uiilet«s ihc rays can be brought into the 
same plane. I"!!!)) i» what otMiiaUj ballpens in the aua- 
1^4r. SujJjKwu tho mica to be in one of the poaitious 
irhiab gfive tho brij;hl^.'st color. Tlie two sets of vibration 
at right aiigluH to <.-ac1i other, eoming from the mica plate, 
strike tJiu analyzer at an aiifrle of 45" mth ite planes of 
vibration. Each of tho two raya is mechanically resolved 
into two setti of vihrntJonA at right imgle^ to each other, 
cme set of vibrations from each of the origin^ rtty^ lying 
m the plaiio8 nf vibnitjon of the analyzer, the other set 
from each lying at riglit angles to the planes of the aim- 
lyser. The latter am suppressed ; the former pass^ and 
if one is behind the other by half of the wave len^h of 
any of the coloni eonipoatng tlio white tight of which the 
ra.y3 are made tij^, tliat color is suppressed tlirough inter- 
ference, and the color of the transmitted rays is comple- 
watatary to the suppressed color. Tlie particular color 
ftodticed depends on the .thickness of the mica pl»te, for, 
H » well known, the wnves that produce the sensation ati 
ttd light are nearly twice as long as those that producal 
Ae Knsation of violet light, and the other colors are pn>-J 
4aeed by waves of lengths intermediate between the 

Different thicknesses of miea, therefore, cansal 

SUhfte of the waves of different colors, and the^ 

•d complementary colors are different. If^ how* 

& is quite thick, the retardation is sueh as tol 

it«rference portions of the several colors oi 

tite light is composed, so that the effect isj 

ce the intensity of the white light that 4 
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Without ehaiiging the positiona of the polarizer and 
analyzer, place pieces of mica of different thicknesses upon 
the stage, and in each, case turn the piece until the bright- 
est color is produced. It is at once seen that, within cer- 
tain limits of thickness, each different piece produces a 
different color, but that pieces beyond a certain thickness 
do not cause color. 

Complementary Colors. — Cross the Nicols, place a plate 
of mica on the etage^ and turn it until the iield is dark. 
If the microscope has a graduated revolving stage, the 
nest step is easy; if not, the measurements may be taken 
witt suffieient accuracy with a protractor. Kevolve the 
mica until the field is brightest. It wiU be found, by 
accurate observation and measurement, that the mica has 
been turned through 45°, The two rays coming from the 
mica now strike the analyzer go that the vibrations of 
eatjh farm an angle of 45" with the planes of the analyzer. 
As we have before seen, each vibration is mechanically 
resolved into two at right angles with each other, one set 
of vibrations from each of the original rays lying at right 
angles with the planes of vibration of the analyzer, and so 
not able to pass„ the other set of vibrations fi'oni each of 
the original rays lying in the same planes with the planes 
of vibiution of the analyzer. The latter pairs of vibrationa 
pass, interfere, and produce waves of the right length to 
cause the sensation of color. Observe what happens 
when the analyzer is turned through 90° from this position. 
The pairs of vibrations, which before could pass, now 
strike the analyzer at right angles to its planes of vibration, 
while the pairs, which before were suppressed, now He in 
the same planes with the planes of vibration of the 
analyzer, pass, interfere, and cause a color. 

Observe that the BUTU-total of the \\tK«.^wi^s. ">^fiSa.^o- 




caused the last pairs of mysy plus the total Tibmtions 
wLitih caused the former paire, originally jiroduced white 
Sight. We should, thei'efore, expect that the color pro- 
duced in the Iftst Instance, added to the color produced in 
the firtit, would pi-oduce white light; in other words, that 
the colorti would be complemeutary. We fiud that this is 
the case. 

If we turn the analyzer througli another 90", its planea 
of vibration lie in the same directions as in the first 
instance, and the same color is seen. Turn the analyzer 
through another £)0°, and the eomplenientary color must 
agiiin result. 

The Dark Gross. — Cross th^ Nicols, and place upon the 
stage a slide of aulphonal crystals prepared by the method 
described in Chaptei' X. The light ia more or less 
restored, and black crosses, the arms at right angles to 
each other, are acen. Bring the point at which the arna 
of one of these crosses intersect to the centre of the field, 
and revolve the specimen ou the atage. The cross will be 
seen to be atationary. It shows the position of the planes 
of vibration in the Nicola, one arm of the cross lying 
m the planes of tbe polarizer, the other in the planes 
of the analyzer. It appears because there is no polari- 
zation iu theae two directions, the hght being simply 
absorbed. Other portions of the crystal are colored 
because there is polarization in all other directions. 

Turn the analyzer 90*, and a white cross takes the place 
of the black one, the coloi-s of the intei-veniug spaces at 
the samtj time changing to their coniplementaries, so 
that there is an appearance of a revolving cross changing 
color as it revolves. There is still no polarization in these 
two directions, but the light is now transmitted. 

A full explanation of these phenomena would involve a 
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discussion of elliptLijal polarization ^ which would require 
too much space foi a |ii[-opt;r presentation here. Suffice it 
to say that these appearancea are simihtf to the phenomena 
produced by uniaxial crystals cut perpendicular to their 
optic axes, and viewed in uonvergeut poLtLrized light. In. 
the crystals of sulphoual the point of intersectioa of the 
ai'ms of the cross is a point on the (isis of the crystal. 
From this point the crystaLIization proceeded laterally in 
all directions. This may easily be verified by watching- 
the formation of the crystals when, the slide is prepared. 
These crystals are, then, similar in structure to sections of 
uniaxial crystals cut perpendicular to the principal axis. 
Such sections of q^uartz, emerald, mica, and other uniaxial 
crystals show the cross when viewed in convergent 
polarized light. Crystals of salicin and other chemical 
aalts which form from centies, as do the siilphonal crystals, 
on account of the peculiar arrangement of their molecules 
around the axis, show the cross in plane polarized light. 
Starches, for a similar reason, show a more or less distorted 
cross, very characteristic a,ud interesting, radiating from 
the hilum. 

TJseB of Polarized Light. — As has already been seen, the 
particular color produced by the interposition of a thin 
film depends upon the thickness of the film. If the film 
is of vaiying thickness, or of varying composition, different 
colors are produced simultaneously. In the case of many 
chemical crystals the slight differences in thickness give 
rise to mcst beautiful combinations of colora, rendered 
still more striking by the changes to complementary 
colors as the analyzer is tamed. Many crystals that are 
almost. If not quite, invisible in ordinary light are made 
plainly visible by using polarized light; in some cases 
revealing most dehcate and beautilu^l iQ^ma.. \\.Sa"HiaiJt^i?5 
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possible to use too strong language in describing tLe 

faacination felt in watching the process of crystallization 
under polarized light, or even in examining crystals 
already formed and permanently mounted. 

lu the case of rock sections the different minerals of 
which the rock is composed affect the light differently, 
and the different effects produced are importiint aids in 
distiuguishiug and determining the composition of the rock. 

So, too, in the case of many common objects, tliere are 
Buffieient differences in structure to jmlarize the light in 
greater or leas degree. The structure of the object la usu- 
ally inade much plainer in some positions of the analyzer. 
Polarized light is, therefore, a valuable means of effect- 
ing special illumination of some claases ot" objects. It is 
always well to try polarized light on any very transpnrent 
object. The results thus obtained are in many cases 
equally surprising and interesting. 

A few of the large number of polarizing substances are 
the following: thin and transparent cellular tissue of 
plants ; plant hairs, which often yield most striking 
effects ; Starches ; the silicions cuticle of plants ; fibres of 
cotton, wool, and hemp ; crystalline deposits in plant tis- 
sues and sections; muscular tissues of animals; animal 
hairs; sections of bone, horn, and similar substances; all 
crystaUine substances except those of the cubical system. 
It would not be possible, nor is it desirable, to give a com- 
plete list. Even when an object does not distinctly polar- 
ize, the modification of the light effected by turning the 
analyzer aids materiallj^ in bringing out the less distinct 
portions of the stractute. 

Substances which are not of the right thickness of 
themselves to polarize often give good effects when a 

m of gelenite or ijdca is us^d with them to increase 
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the thickness. Such a film Bhould form a part of the 
polarizing outfit. It maybe introduced anywhere between 
the polarizer and analyzer. A single film is soraetiiues 
mounted in the fitting of the polarizer, or severa.1 films of 
different thicknesses are ho mounted on the polarizer fit- 
ting that any one may be interpoaed at will, as is shown in 
Fig. 34. The film is sometimes mounted in a brass plate 
to be laid upon the stage, It is then called a selenite 
stage. Sometimea it is mounted in a small metal plate to 
be inserted in an opening made for it in the body of the 
microacope just above the objective, but, of course, below 
the analyzer. 

A well-selected mica film, mounted in Canada balsam on 
an ordinary glass slip, and covered with a thin cover -glass 
to prevent its becoming scratched^ serves the purpose well. 

Single-Hefracting' and Donble-Itefractiii^ Objects. — It is 
evident from what has already been said that polarized 
light affords means of determining whether & subatafice is 
singly refractive or doubly refractive. If a singly refrac- 
tive substance, as, foi' instance, a piece of ordinary glass, 
or a crystal belonging to the cubical system, as crystals of 
potassium iodide, potassium bromide, or common salt, is 
placed upon the stage with the Nicola crossed, the field 
remains dark, nor a,re color effects produced when the 
analyser is turned. Such suhstanees are said to be opti- 
cally isotropic or monorefringent. 

If a doubly refractive suj^stance, aa, for instance, any 
chemical crystal not belonging to the cubical system, or 
any other of the substances already mentioned as polar- 
izing substances, is placed upon the stage, tlie Nicols 
being crossed, the light is restored and color effects are 
■ produced, when the analyzer is turned. Such subitftuces 




The beginner will do well to make a careful study of 
the micioacope before attempting pmctieal work. With tbia 
end in view, he may put himself through a coufse of train- 
ing in microscopical gymnastics. The knowledge gained 
will be ample reward for the tronble. One or two slides 
of diatoraa, to be purchased at twenty-five cents each of 
various dealers^ will afford means for very instructive study 
of the instrument. A slide of the diatoms called Arach- 
noidigcug Ehffinhergii and one of Fhurosigma anyulatum 
will serve the purpose. In the lack of these slides the 
scales of a moth, obtained by pressing the wing of a moth 
to a cover-glass, or a little potato starch dusted on. a cover, 
may be naed. Invert tlie cover on a glass slip. 

Place the slide of ArachnaiiUscus Ehrenhergii on the 
stfige of the microscope and focus sharply upon it, using 
the A eye-jnece and the ^in, objective. In foeuasing, do 
not at first look through the instrument, but place the eye 
in position to watch the approach of the objective to the 
glass slip on the stage, and slowly move the body of the 
microscope down by means of the coarse adjustment until 
the front lens of the objective is a.s near its working dis- 
tance from the glass slip as can be estimated ; in tlds case 
about three-fourths of an inch. Now look through the 
instrument, and the outlines of the object should be more 
or less visible if the object is properly centred on the 
stage, If nothing is seen, move the glass sliy aba^sS. 'Vn 
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centre the object more perfectly. If it is now necesaaij 
to use the coarae adjustment to change the focua, focus up 
only. If the object is not thus brought Into view, turn 
the body down again with the coarse adjustment while 
watching the approach of the objective to the object as 
before- When the object is brought into view, focus up 
and down with the fine adjustment to obtain a more 
perfect image. Recall what was stated in Chapter I. about 
the influence of the thickness of the cover-glass on the 
clearness of the image. If the thickness of the cover^glass 
is known, adjust the draw-tube to the required length. If 
the thickness of the cover-glass is not known, after getting 
the sharpest image possible with the draw-tube at the 
standard lengthy try the effect of longer and shorter 
lengtlis until the image is clearest. 

See that the field ia properly lighted, Direct sunUght 
must not he used. The diffused sunlight from a north 
window, or the light reflected from a cloud or white wall, 
is regarded as the best light. The light froia an ordinary 
kerosene lamp is a very suitable artificial light. 

Place the mirror in centml position, and use first the 
plane and then the concave side. Use each of the open- 
ings in the diaphragm in succession with each mirror. 
Focus up and down occasionally with the fine adjustment. 
Practise these manipulations until the arrangements are 
found which show the markings on the diatom most 
perfectly. It will be found that the best effects are 
obtained when the field is lighted with a subdued light 
that is very pleasant and comfortable for the eye. A 
Q-lare of light should always be avoided. The light should 
tfficient, but not too intense. If the light is thus 
rly regulated, and suitable precautions are exer- 
I not to use the eyes to the point of fatigue, the 
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eyes will be strengthened rather than injured by micro- 
scopical work. Just as judicious exercise strengthens the 
bodj, so judicious use of the eyes improTes them. If one 
makes a prictLce of reading in the glare of the sun or 
other light, hia eyes will soon be injured. So too, if he 
uses the microscope with glaring light, his eyes will be 
injured. The correct modulation of the light is a matter 
of "vei'y gi'eat importance, and one that is too often ovei"- 
looked even by those who have had considerable experience 
with the microscope. Tlie light from the concave mirror 
is more intense than that from the plane mirror, and is 
better adapted to the higher power objectives and eye- 
pieces, which absorb mora light than do the lower powers. 
In using the concave mirror, shda it up and down on the 
mirror bar until a bright circle of light from half an inch 
to an inch in diameter ia projected upon the slide. This 
circle of light is best seen when the slide is shaded from 
other light. 

After noting the effects obtained from each of the above 
arrangements, move the mirror about 10" to the side away 
flora the light, adjust it to the light, and again go through 
the same pmctice manipulations, carefully observing differ- 
ences of effects. Then move the mirror another 10° to the 
aide, and again repeat the manipulations. Continue to 
move the mirror to one side 10° at a time, and to repeat 
the above manipuhitions as long as good results can be 
obtained. Having observed the effects for each position 
of the mirror with the draw-tnbe closed, place the draw- 
tube at different lengths. Notice the slight change of 
focus necessary and the effect on the image. Determine 
what length of draw-tube gives the best results. 

Remove the A eye-piece and put in its place the C 
eye-piece, and practise the manipulations again, VJ^-sa. 
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snnie degree of skill has been acquired in manijiulatinn, 
the ^in. objective may be suljstitutfd for the jf-iji.. and the 
slide of Pleuroitifjma angitlntiLm for the Ardchnoidigctta 
Ekrenbergii as » more suitable object for this objective. 
In focussing the J-in. objective the precaution to watch it 
as it is brought to its proper working distaiice, about \ of 
an inch fram the slide, must be carefully obaerved. On 
no account allow the front leim to come in contact with 
the cover-glass, or both objective and cover-glass may be 
injured. With both the A uiid the C eye-pieces repeat 
the manipulatioua described above until the best results 
possible are obtained. 

Patient practice of these manipulations at intervals for 
a few weeks will give one a knowledge of the instrument* 
and an ability to handle it in practical work that cannot be 
gained by years of heedless use. 

Examination of Opaque Ohjecta. — Place a glass slip upon 
the stage, and on it any opaque object, as, for instance, 
seeds of graaaea or flowers, a plant leaf, grains of sand, or 
an insect. If the mirror can be awuug above the stage, 
arrange the concave mirror so as to focus the light npon 
the object. This should be done roughly before looking 
into the microscope. With the coarae adjustment move 
the objective to about its working distance. Then look- 
ing at the object through the microscope, focus up and 
down with the coarse or fine adju.strapnt, as nccaeinn may 
require, always remembering to guard against bringing 
the objective too near the slide or specimen. Change the 
position of the mirror to illuminate the object better. If 
the mtrror cannot be used thus, a buirs-eye condenser may 
Q used to focus the light upon the object, the mirror 

ling put in such position that light reflected from it will 
(Ot interfere with the illumiuation. 
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Air Bubbles.. — Maijy curious and ridiculous bluudei-s 
have been made from misinterpretatioiia of the appear- 
ances of air buhbles. To guard against such errors, air 
bubbles should be made the object of special study. A 
di'op of saliva, or soapsuds, or of mucUage well beaten 
up on a slide with the point of a knife blade^ have been 
suggested as suitable means of easily obtaining the bub- 
bles for study. Study the bubbles both without and with 
a cover-glass, which should be placed lightly over the 
mass. Focus up and down, using both centra-l and oblique 
light. Once studied in this way, the air bubble will ever 
after easily he recognized. Observe that air bubbles afford 
a most excellent means of determining when the light is 
central. 

Oil fllolmles. — Oil globules have also led to errore of 
interpretation. They are liable to occur in prepara- 
tions of animal or vegetable tissues. To form them for 
study, beat up a small drop of any oil with a drop of 
water on a slide, cover lightly, and study them in the 
same manner a,s the aii' bubbles. 

ribres and Haira. — Fibres of cotton, wool, silk, and 
hemp, and hail's of different kinds, are liable to tiiid their 
way into jirejiamtiona from the air of the room, or from 
lack of care during the processes of preparation. It is 
well to make a special study of these and similar objects. 
Kxamine them dry, also in water or glycerine, or in some 
oily medium, as oil of turpentine, or oil of cloves, covering 
with a cover-glass. Examine in a similar manner any 
other objects which may suggest themselves as likely to 
find their way adventitiously into a microscopical prepa- 
ration. 

Cnrreuts and the Browaiatt Movement. — Giind up a little 
solid carmine, or any very finely powdered mineral aub- 
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stance, in a drop o£ water on a glass slip, cover with a 
oovei^glasBj and place the slip on the stage of the micro- 
scope. Incline the stage, and watch the cui-rent move- 
ment of the particlea. Tlien plam the stage in the 
horizontal poaiiion, and wait a few nunutes for the cur- 
rents to cease. A peculiar, jerky motion of the finer 
particles may now be observed as they daft about among 
the larger masses. This is the so-called lJrovvnia[i move- 
ment, or Fedesis. The study of these phenomena may 
prevent serious errors of interpretation. 

Practice with Immeriion Objectiyes. — On beginning to 
use an immei'sion objective, practice work is of especial 
importance. The slide of Pleurom<jma angnlatum is still 
a good object to use, as the ^irich objective has left much 
unseen. With this alide on the stage, place a small drop 
of water, if the objective is a water-imniersiou objectiv'S, or 
of homogeneous immeraion fluid, if the objective is a homo- 
geneous immersion objective, on the front lens, or on the 
centre of the slide, the microscope being placed in the 
upright position. Watching the objective, run it down by 
means o£ the coarse adjustment in tlie manner previously 
described, until the drop of Huid forma a connection 
between the front lens and the cover-glaaa. The drop 
should be just large enough to fill the space between the 
lens and the cover-glass. After the connection is made, 
the microscope may be inclined, if desired. 1£ a non- 
adjustable objective is used, and the thickness of the 
cover-glass is known, the draw-tube should be adjusted to 
-•"R the correct tube length according to the cover-glass 
When the tube length can thus easily be obtained, 
IS been gained. We have now simply to light the 
11 by means of the sub-stage condenser, remerober- 
caa much depends upon correctly focussing the con- 
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denser as on foeuasing the objectivej and obtain the correct 
focuis of tbe objective by means of the fine adjustment. 
One sliQuld remember always to focus up and not down, 
or both the cover-glfiss and objective will be endangered. 

If the objective has collar adjuatment^ and the thickness 
of the covei-'gla-^s is known» the collar may be set at once 
at the proper mark, remembering that the objective should 
be set at the medium point for coyer-glasses of the standard 
thicknesB adopted by the makers of the objective. If the 
covei'-glass is thinner than the standard tliickness, the 
milled collar should be turned towards the lowest point. 
If the cover^glass is thicker than standard thickness, the 
milled collar sliould be turned towards the highest point, 
the amount of the turning being estimated by the amount 
of deviation from the standard thickness of cover-glass. 

If the thickness of the cover-glass is not known, the 
collar should be set at the highest point, that is, for thick 
covers, when the connection is first made with the cover- 
glass. Now with one hand on the milled ring of the collar 
adjustment, and the other on the fine adjustment, and 
while lookrng into the microscope, turn the collar adjust- 
ment through part of one of its divisions, and gently foeus 
up and down with the fine adjustment. Repeat this 
manipulation until the most perfect image attainable has 
been obtained, remembering to test the focussing of the 
snb-stage condenser from time to time by moving it up and 
down. 

After obtaining the best effects possible with central 
light, oblique light s'houhl be used. If the sub-stage 
condenser is provided with a diaphragm, make the dia- 
phragm eccentric; that is, move it a little to one side. 
After noting the effects, by successive steps make the 
diaphragm more and more eccenti-ic as low^aa 'gJ^iQ%.^K^>^^&^' 
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can be obtained. Then, in like manner, move the diar 
phragm in the opposite direction. If there is no diaphiagm, 
obtain oblique light by means of the mirror by moving it 
away from the light a few degrees at a time in the same 
manner a» when using the low power objectives. 

It cannot be stated too emphatically that a large amount 
of this practice manipulation should precede any attempts 
to make practical use of immersion objectives. The ability 
to bring out the full ix)wer of these objectives can be 
attained only by patient perseverance and the intelligent 
study of the effftcts produced by manipulation. It hai-dly 
seems necessary to waste time in describing the results 
which should be obtained. The observer will have very 
little doubt about his success when he obtains clear-cut 
images, and he should not be satisfied until he does this. 
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The Ttiici'OBcope is but an. aid to the eye, and the eye an 
aiil to the brain behind it. Something more than the 
.mere collection of objects and multiplying the number of 
shdes in a cabinet should be the aim of every owuer of a 
microscope. Tlie higheat use of the instrument is in 
following out definite courses of investigation. In the 
pursuit of such investigations the exsimination of a very- 
largo number of different specimens is necessary to obtain 
clear ideas of structure, and give the brain material with 
which to work. It would not be poasible, nor would it be 
desirable, permanently to preserve all the specimens ex- 
amined. The methods of working wiU of coxurse differ 
with different lines of investigdtion. 

It is not the purpose here to furnish directions and 
descriptioua for detailed and comprehensive work in any 
department* Volumes would be required for this, and 
excellent manuals iilrefidy exist for the different depart- 
menta of investigation. It will be convenient for the 
purposes of this chapter to consider some methods of 
woi-kiug mth vegetable and animal specimens, and to 
illustrate the methods by particular descriptions in a few 
canes. For methods of preparing vegetable and animal 
specimens for permanent mounting the reader is referred 
to Chapters VIII. and IX. 

In the investigation of these specimens, a razor groutid. 
flat on one side, a supply of glaaa ?.\\:^ mA 'ta^nat^-^^iasS'^ 
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some dissecting-needlea, and various inexpensive chemicals 
and strvLus, formulas for which will be foxiud in the 
Appendix, are necessarj- Gla.ss sUps three inches by one 
and a half are to be preferred for this purimae to the 
ordinary slips, as they present a broader surface to hold 
the reagents used. For many of the processes a dtss^cting- 
microscope is a great convenience. This is most needed 
"wlien many dissections are to be made. If this instrument 
is not at command, use the lowest power of the eompouiLd 
microscope. 

The microscope is best kept in the upright position 
to prevent the specimen from slipping out of the field 
of view, to prevent currents due to gravity in the fluid 
media employed, and to prevent the reagents from injuring 
the microscope. Neatness in all operations is the mark of 
a skilful workman. In case any of the reagents used 
accidentally come in contact with the microscope, they 
should immediately be removed. The reagents should not 
be allowed to flow over the upper surface of the cover- 
glass, as they are liable to come in contact with the front 
lens of the objective^ Especial pains should be taken to 
prevent this» and in case they do touch the objeclivej it 
should immediately be cleaned with great care. 

In these practical studies air bubbles and oU globules are 
very sure to be met with, and it may be well to recall 
or repeat the studies ali'eady made of these objects. 



Vegetable Specimens. 

For purposes of study vegetable subatancea are usually 
examined in wat-er. Some substances require no special 
preparation. Any of the minute and transparent plants, 
either those gi^owing on laud or those growing in the 
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water, may be placed on the centre of n glass slip in a 
small diop yf water, a ciiviir-gluas laid over the specimen, 
and the examination made. Care should be exercised not 
to use so large a drop of -water that it \vlll run out from 
under the cover-glass. Enough only should be used to fill 
the space between the cover-glaHS and the slip. If more is 
added, it is liable to run on to the microscope. In any case 
the -work is slovenly. An excess may be removed by 
touching it with a piece of blotting paper or of filter 
paper. 

Kieroflcopic Water Plants. — The light green stringy 
masses found Uoating in tlie water or attached to sub- 
merged objects in ponds and ditches in summer afford 
good material for examination. These plants belong to 
the family of Zygnemaeeae. They are unicellular, but the 
cells are joined in large numbers so that the plant appeals 
to be muUiceUuIar. It is easily recognized by its slippery 
feeling when a mass of it is titlien in the hand, and from 
the fact that each filament is without branches. In young 
cells the greenish yellow chlorophyll granules are quite 
evenly distributed throughout the cell. At more advanced 
stages the chlorophyll collects in some species in a line 
running lengthwise through the c<jntre of the cell, often 
terminating in star-shaped or globular knobs, so that encli 
cell contains a dumb-bell -like figure. These knobs are 
sometimes left isolated by the breaking down of the con- 
necting line of chlorophyll granult^a. 

Ill other cases the chlorophyll collects into spiral bands, 
differing in number in different species, the bands giving 
these species their name, Spirogyra. In favorable cases 
-'onjugation between the ceils of two adjacent-lying fila- 

nts affords opportunity for much interesting study, 

,ne or July Is tlie most favorable time to observe the 
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eonjugation. From this yoking- together of tlie cells in 
conjugation the ^vhole family takes ita name, Zygnemacese. 
There are many varieties tii the family, any one being an 
interesting object for study. 

In examining this plant, observe that the cells are all 
alike, and, being joined end to end, form filan^ents of great 
length, but of uniform diameter throughout. As the 
plant approaches maturity, the bright yellow-green changes 
to a dirty brown. When at this stage, it is in a particu- 
larly favorable condition to exhibit aome of its distinguisli- 
ing features. 

Attached to the cells of tlie Spirof^yra are frequently 
found numerous spherical, or nearly spherical, bodies of 
a reddish color. They are tlie Vampf/rpMa spirogyrce^ 
l>elonging to the Monerozoa, one of the lowest types of 
animal life. They have attacked the Spirogyra to feed oa 
its chlorophyll. 

Yeast. — Yeast, Saeeharomyceg eerevisiee, is another plant 
which furnishes interesting material for examination. 
Dissolve some sugar in water, and add a little yeaat. 
When it is seen that the yeast is working, place a drop on 
a glass slip without a cover-glass, and examine with a low 
power. Then cover, and examine with a power of four or 
five hundred diameters. The yeast is seen to be made up 
of very tmnsparent spherical and oblong cells of tha 
same liind, but of varying sizes. Some will no doubt bi? 
seen with minute cells attached, showing the character- 
istic mode of propagation by budding. 

Other Studies.^ In a similar manner, any other sub- 
stances whieh are sufBcieutly thin to allow light to pass 
through them may be examined. Pollen grains are thus 
easily examined, and are very atti-active objects. Their 
forma are almost infinite in number and variety. The 
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spores of feros and mosses, and the niinieroua varietiea of 
Eungit afEord abundant material for examination. Of the 
fuiigit mention may be made of tbu grean mould which 
lorma on bread, old leather, and numerous other siibstances. 
It is the PenicilVmm (jlaueum. Another mould, the Mumr 
stolonifer, is easily grown on a piece of bread kept moist 
under a bell-jar or tumbler for two or three days. It 
will be recognized by its fine, thread-like stalks, each hav- 
ing a round head, and by the stolons connecting the stalka. 
In examining either o£ these fungi, treat different speci- 
mens with hematoxylin and carmine stains, and with iodine. 
The epidermis of leaves and stems may in many cases 
be scraped off with a knife, or torn off with forceps, and 
without further preparation be placed under the micro- 
Bcope in a di'op of water. The epidermal cells, stomata, 
and iiairs, are thus readily obtained for examination from 
many pianU- 

Maceration and subsequent teasing or tearing the spec- 
imicn to pieces by means of dissecting-needles is a very 
important means of reaching the minute internal structure 
of plants. The maceration may be effected by soaking 
the specimen for some time, or by boiling it a few minutes, 
in water. It may be effected more quiekiy and thoroughly 
by treating with a warm, strong solution of caustic potash, 
or by placing the specimen in a teat-tube with a few crys- 
tals of potassium chlorate and enough strong nitric acid 
to cover them (^Schultze's Macerating Mixture). Strong 
hydi'ochloric acid is also a good macerating fluid. After 
the action haa continued for a short time, the specimen 
'lould be washed thoroughly in wftter, transferred to a 
» slip, and torn, to pieces with the dissecting-needles 
!• the dissecting-micTOscope or a low power of the 
lund microsciope. SpU-al iiud seulariform vessels are 
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easily obtained by this process from the leaf stalks of 
rhubarb and of ferns, the stem of banana, and other 
Hources. The cell structure of some tissues is itlso re- 
vealed by this treatment much better in some respects 
than can be done by sections. 

Vegetable Sections. — To ohtain sections of yegetable 
Bpecimeua, a piece is held firmly in the left hand between 
the thumb and second joint of tlie forefingerj the blade of 
the razor is rested on the second joint of the forefinger as 
a guide, and di-awn towards the person, resting Iroth hands 
against the breaat to steady them. The thumb of the 
left hand should be kept depressed to guard against 
injury. Keep the specimen, and the blade' of the razor 
wet with water, and when the section U cut, dip the razor 
in a glass of water to float the section off. Small or soft 
objects may he held between pieces of pith, carrot, or 
potato. Hard specimens may be made soft enough to cut 
by boilmg for a few minutes in water. The hard woods 
yield to this treatment. For pm-poses of study it is not 
always neaessary that large, even sections be cut. Indeed, 
an uneven section is sometimea more valuable than an 
even one fof this iige. Some parts near the edges will 
show extreme thinness, while other parts often g-ive a 
better idea of the relations of the cells to one another. 
Ordinaiily the rule for thinness is to cut to the thickness 
of one row of cells. It is best to cut quite a number of 
sections of each specimen. 

For study, a section should be transferred from the 
glass of water to a glass slip with a small drop of water. 
A camel's-hair brush is the best section-lifter. The section 
is covered with a cover-glass and is ready for esaraination. 
While water is ordinarily the best medium for the exami- 
nation of vegetable substances, there are some cases wheraj 
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it produces an undesirable change in the tissues of the 
apec-imen, causing the ceil contents or the cell walls tc 
awetl. Other reagents then become desirahle. Strong' 
alcohol, by extracting water, causes a contraction of the 
cell wall and conteiits. More dilute alcohol is, in manj 
cases, a suitable medium to maiutiiiu the tissue in itsl 
normal condition. 

It is often desirable to watch the changes which th? 
Specimen undergoes under the action of a reagent. It 
may be desired, for instance, to remove water from the 
specimen and introduce alcohol. Thia is best done without 
removing the speeinien from the slide, or even removing 
the cover-glass from the specimen. The slide still re- 
maining under the microscope, by means of a pipette (a 
glass tube drawn out to a fine point) hold a little alcohol 
near one side of the cover-ghiss, and at the opposite side 
hold a piece of blotting paper, or better, good filter paper. 
The water is drawn out from under the cover-glass by 
capillary attraction, and the alcohol tnkes its place. By 
repeating the operation seveml times the water is entirely 
removed and alcohol substituted. In the same way any 
reagent or stain may be introduced, or the specimen 
may he washed free of a reagent by meaiia of water. 

It often happens that a specimen is too opaque to be 
well studied, even whicn the section is very thin. In aueh 
casea glycerine is a valuable medium for the examination. 
If the specimen is already mounted in water, the water 
should be removed and the glycerine iutroditced in the 
manner just described. The changes which the specimen 

idergoes during the process afford excellent oppor- 
ties for studying the object. Opitqneness may also be 
died by bleaching the specimen before it is mounted. 
lifli or calcium hypochlorite is a good bleaching agent. 
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A cousideraLle volume of the fluid sliould be used, and tlie 
specimen slioiiUl remain in it for some hours. If it is 
desired to render tke Bpecimaii more transparent during 
the progress of the examination, a moderately strong 
solution of caustic potash may be run under the cover- 
glass. The tiiTSt effeet of the caustic potash in some cases 
is to turn the section black. Thia may be remedied by 
■washing out the caustic potash with water, and running 
under a very weak solution of hydrochloric acid. The 
specimen soon becomes ti'ansparent. The acid should 
now be washed out with water. In the more obstinate 
cases it may be necessary to repeat the treatment with 
caustic potash several times before the desired effect ia 
produced. 

lu similar ways the changes which the specimen under- 
goes when treated witli different chemical solutions may 
be studied. It is usually best to add the reagent in small 
amoiints at first, and to watch the changes as the strength 
is iucroaaed. Any of the staining solutions for which 
formulas are given in the Appendix may be thus employed. 
The use of different stains on the same section, ot on 
different sections of the same specimen^ tends to reveal 
varied points o£ structure. The study of fresh sections in 
this way is a valuable preparation for the correct use of 
stains for pennanent mounts. 

Starch, — Under the microscope starch granules show a 
distinct pointy usually situated near one end, called tlie 
hilum, and an appearance of being made up of laiuelliB, 
or plates. The test for starch is a solution of iodine. 
Iodine dissolved in absolute alcohol gives a brown color to 
dry starch. If any moisture is present, the color is blue. 
As an ordinary test for starch, iodine dissolved in a watery 
solution of potassium iodide may he used. If a little 
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of this 13 run under the cover, the characteristic blue color 
of the iodide of starch appeai-a. 

The changes caused in tlie starch granule by the gradual 
addition of a strong solution of caustic potash are in- 
structive. AiS the caustic potash is run under the cover- 
glass, the stirch granule is seen to swell* aud the hilum 
and laminations become more distinct. Soon the lami- 
nation becomes less distinct as the granule becomes more 
glassy and transparent. Dilute chromic acid is another 
reagent which renders the stratification more distinct. 

Under polarized light the starch granules are brought 
distinctly into view, each with its characteristic black cross. 
A good specimen for the study of starch granules in situ is 
a section of a potato tiken from just below the skin. A 
little of the juice of a potato, or the flour obtained by 
grinding to a powder a pea, bean, kernel of corn, wheat, 
or oats, also affords good material for study. 

Cellulose. — Iodine imparts a yellowish brown color to 
cellulose, the fundamental material of the cell wall. If a 
little strong sulphuric acid is run into the specimen, the 
color is changed to blue. The best reagent for detecting 
cellulose, however, is Schultze's reagent or chlorzinc iodine. 
This is made by dissolving metallic zinc in hydrochloric 
acid, evaporating to the consistency of syrup with a piece 
of undissolved zinc remaining, and adding as much potas- 
sium iodide as will dissolve. Finally iodine is added until 
a deep reddish brown color is produced^ This reagent 
colors cellulose violet. 

Another useful reagent for the study of cellulose is 
ammoniacal cuprie oxide. It is prepared by adding caustic 
" faustic potash to a strong solution of copper Bul- 
>ng as a precipitate is formed. Filter, and wash 
iUile in water that has been boiled- Place the 
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greenish mass in a bottle, and add just enough strong 
ammonia to dissolve it, When pi-operiy prepaied, fibres 
of cellulose swell up and dissolve in it. To teat the 
reagent, see if fibres of cotton are so acted on by it. It 
must be kept iu the dark. 

Lignlfied CeUnlaj TiBsue. — Amline chloride dissolved in 
ten parts of alcohol and one part of hydrochloric acid 
imparts a yellow tinge to Ugnified cellular tissue. Ani- 
line sulphate dissolved in ten pai"ta of alcohol^ or of water, 
and one part of sulphuric acid also gives a yellow color to 
liguified. ceilular tissue. Lig'nified cellular tissue turns 
yellowish green if treated with a solution of carbolic acid 
crystals in wanu hydrochloric acid and subsequently 
exposed to the direct sunlight. A strong solution of 
chromic acid readily dissolves cell walls. In weaker solu- 
tions it causes the cell wall to swell. It is therefore a 
valuable reagent in studying cellular tissues. Schultze'a 
reagent imparts a clear yellow color to lignified cellular 
tissue, and brings it into prominent view. If this reagent 
is allowed to act on the specimen for some liourB, the 
result is more decided. Objects will keep in good con- 
dition in this solution for a long time. 

Protoplasm. — Pi-otoplasm is a viscid, transparent fluid 
often cuntai:iing finely divided dark particles, occurring in 
the younger cells of plants. It is the living part of the 
plant. It is beat studied in the hairs of nettles^ the hairs of 
very young shoots of the pumpkin, squash, or cuenmber, 
and the hairs upon the stamens of the cultivated aptder- 
wort, Tradeifcantia Virymica. If some of these hairs are 
examined in a drop of water under hiyh power, the moving 
currents of the protoplasm are visible. It is often neces- 
sary to warm the slide slightly to cause the movement to 
Btart. In studying the protoplaam.i.tt -tc.ia^'emft'aSan-^traiss^^ 
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the color disapijeais, but the forma of the granules are 
still faintly visible as colorless bodies. The green pigment 
is called chloraphyll ■ the granules that bear the pigment 
iire known as chlorophyll bodies. Other pigments give 
the ' characteristic colors to colored plants. Cliromato- 
phore is a general name for the bodies that bear the various 
colors. It ijt cliaractemtic of chroma to^ihores that starch 
gninules are developeil in them. It is not always easy to 
see these without special treatment. Cut a green leaf 
into several small pieces, and place the pieces in a drop of 
water undyr the microscope. The chlorophyll bodies are 
liberated, and. from some of them the enclosed starch 
granules are set free. Exposure to direct sunlight for 
Beveral hours previous to the esamination will render sue- 
cesa more certain. Treat with iodine solution, and the starch 
shows the characteristic blue color, while the uninjured 
chlorophyll bodies take on a brown color. The enclosed 
starch granules may also be demonstrated by treating 
material which has lain in alcuhol for some time with 
caustic potash to causa the starch giunules to swell, and 
afterwards ti-eating with iodine solution to produce the 
blue color. It is to be noted that the origin of starch 
gi-anules is in the chlorophyll bodies. As the chlorophyll 
bodies increase In age, they gradually become more and 
more transparent until they disappear, and the matured 
starch granules aro left uncovered in the cells of the plant. 
The prothallia of ferns, which are always found grow- 
ing on the plant-pota in hot-houses where ferns are culti- 
vated, are particularly favorable specimens in which to 
study chlorophyll. The ZygnemaceEB are also good mate- 
rial for study. Keep the specimens in the sunlight several 
hours, treat with iodine, and the masses of ehlorophyllj 
will be seen Ui he surrontidt-d with starch granules. ] 
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Plant Crystals. ^ Deposits of crystalline eartty matters 
are of very common occurrence in the cells of plants. 
The ciyatals most commonly tsike tlie shape of ii prism, an 
octahedi-on, or of needles. Some can be found in almost 
any plant. The cuticle of the onion shows fine examples 
of the prismatic and octahedral crj'stala of the oxalate ol 
lime. Similar crystals may also be found in the bark of 
the rose around the bases of the prickles. Raphides, or 
needle-shaped crystals, of oxn.late of lime are abundant 
in rhubarb, especially in the root, and iu the epidermis of 
the bulbs of tulij)S and hyacinths. The petioles of begonia 
contain octahedral crystals of the same salt. Tubers of 
the dahlia which have beoti in alcohol for some days sho-w 
somewhat spheric al-shaped crystals of inulin. During the 
examination for inulin allow nitric acid slowly to replace 
the water. 

Owing to the difficulty of isolating the crystals from 
the cellular tissues the chemical composition is not known 
in many cases. It is known, however, that crystals of the 
oxalate of lime are moat common. The carbonate of lime 
is the second most common crystal found. These are 
easily distinguished by means of acetic and hycb'ochloric 
acid. If acetic acid is ajiplied to the section, crystals of 
calcium oxalate are not affected ; ciyatals of calcium car- 
bonate dissolve with effervescence. If hydrochloric acid is 
applied to the section, crystals of calcium oxalate dissolve 
without elTervescence ; crystals of calcium carbonate dis- 
solve with effervescence. 

Polarized light affords a very delicate means of detect- 

the presence of crystalline or other earthy deposits in 

table sections. Kven if the crystals do not distinctly 

rize, tlieir forms, especially when quite transparent, 

ui'ought out in some positions of the Nicols. 



METHODS 0I> BTtJlJtlNG PRBSfl OBJECTS. 



7^ 



Animal /Specimens. 

Many of the directions ali'eady given for the study of 
vegetable specimena might be repeated for animal speci- 
mens. The methods deseribed for the manipulation of 
the object under the microscope apply equally well to the 
study of both classes of objects. 

AnimalciJeB. — No attempt will be made here to describe 
the raicroacopic forms of animal life. The subject is too 
extensive for cursory treatment. Some good manual should 
be consulted for tbelr idetiti^cation. Any of these forms 
may be examined under the microscope if placed in a drop 
of water on the slide, and a cover-glass iaid over the aj)eci- 
men. The cover-glass should be sujiporbed by bits of other 
thin glass. A shallow cell made as described in the fol- 
lowing chapter makes a good live-bos for the temporary 
examination of theae speeimena. The specimens are trans- 
ferred by ineatis of a- piece of glass tubing used as a pipette. 

The stagnant water of swamps furnishes countless 
varieties of microscopic animal life. The more quiet the 
water, the more abundant the animalcules. Seek out small^ 
isolated pools. Collect some of the water around sub- 
merged objects. In collecting, it is best to place some of 
the aquatic plants in the collecting vessel with the water, 
disturbing the plants as little as possible. The animalcules 
cling in large numbers to the plants. A jar of this swamp 
water will fumLjh instructive entertainment for many an 
hour. 

Water Sediment. — Allow a considerable amount of water 
to stand in a tall glass vessel for several hours. With a 
piece of rubber tubing, siphon off all but a small remnant 
of the water. With a pipette, place a very smalL di<v^$ cl 
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and the sarcolemma are brought more clearlj- into view. 
If now the acetic acid be waebed out bj applying succes- 
sive drops of water to one side of tlie cover-gliiss and draw- 
ing them under by raeana of a piece of filter paper at the 
opposite side, and then a little boras-carmine atain be run 
in, the nuclei take a deep color and are rendered very 
conspicuous. They are somewhat elongated or fusiforni. 
and seem to be at the very aurfaee of the fibres. 

Fnstriped Muscular Fibre. —In a similar way a study 
jaay be made of the unstriped fibre of the involuntary 
muscles by teasing out a piece of the wall of the stomach 
or intestine. The elements of this muscle will be found to 
be elongated cells, each contiiinmg a nucleus situated near 
the centre, which stains more deeply than other portions. 

Sections of Animal Tissues. — To obtain sectiotis of soft 
animal tissues it is necessary to harden the specimen. 
TbLt is most conveniently done by placing- small pieces 
in alcohol for a few days. Better results are obtained if 
the specimen is gradually hardened by remaining a few 
hours in weak alcohol, say 10, 20, 40, 60, and 70 per 
cent and 95 per cent alcohol. The pieces should be not 
more than half an inch square and one-fourth of an inch 
thick, and a large volume of alcohol should be used. 
"When sufficiently hard to give clean sections, the objectj 
may be held in the hand or between pieces of carrot or oj 
pith moistened with alcohol, and sections cut by the free-] 
hand method already described. Or the object may bej 
freed from alcohol by soaking in turpentine a few hours,] 
id imbedded in paraffin by the method described ini 

ipter IX. Both unstained and stained sections should J 
I 3xamined. The staining is best accomplished by allow- 
the sections to lie in a watc-li glass with a few dropa 

the staining fluid until the right intensity of color is. 
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obtained. The best effects are secured when the specLinen 
is treated, before and after staining, according to the direc- 
tions given in the Appendix in connection with the for- 
mulas for tile different staining solutions- 

Blood. — Place on a oover-glasa a small drop of fresh 
blood obtained by pricking a fold of the skin on the back 
of the wrist with a needle previously sterilized by pass- 
ing it through the gas iiame, and invert the cover-glass on 
a glajis slip. Observe the numerous red corpuscles float- 
ing about in a colorless plasma. The corpuscles seem to 
attract one another, and are seen to move towards one 
another, forming rolls. The tendency to do this is in- 
creased if the cover-glass is slightly moved on the slip. 
The red corpuscles are seen to be round and very thin, 
Tegular in shape, disk-shaped, hollowing in the centre, or 
bi-concave. Among thom the larger and irregular white 
corpuscles may possibly be distinguished, but it is not 
always easy to do this, as in health the white corpuscles 
are very few in number compared with the red corpus- 
cles. In some diseases the relative proportion of the 
white corpuscles is much increased. 

Fresh blood from a frog is more favorable for the study 
of the white corpuscles. The white corpuscles are rela- 
tively much more numerous in the blood of the frog than 
in human blood. Tlie form of the white corpuscle will be 
seen to be very irregular, the appearance being very much 
like the amoeba. If the slide is slightly waTmed, a true 
amoeboid movement may be seen in these corpuscles, as 
the irregular projections change in form and size, moving 
the corpuscle about. The structure of the corpuscle is 
granular in the central poHion ; clear and transparent in 
the outer portions. If the specimen is treated with acetic 
^cid and then with borax-carmine, the nucleus will ataisi^ 
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showing one or more nucleoli ; the outer portions remain 
unstained. 

The red corpuscles of frog's blood are also verj inter- 
esting. They are much larger than the corpuscles of 
human blood, oval in shape, and contain a distinct nu- 
cleus which is slightly convex, being thicker than the 
peripheral portions. If tlie specimen is treated with alco- 
hol and then with hcemalosylin or with borax-carmine, 
the nucleus takes a deep stain, the other portions remain- 
ing uneolored. Iodine ia also a useful staining agent for 
blood corpuscles. 

Very interesting preparations of frog's blood may bei 
made as follows : Place a minute drop of the blood on aJ 
cover-glass and lay a second cover-glass over it. Ruh the! 
covei'-glasses together to obtain a very thin evenly dis- 
tributed film o£ the blood on each. Place the cover- 
glasses, prepared side up, on a sheet of paper and let them 
dry thoroughly in the air or exposed to direct sunlight- 
When dry, jjlace on each a large drop of K teineii berg's 
or Grenacher's hiematoxylin and let it remain twenty 
minutes. Do not let it dry up. If there ia a tendency 
to do so, add more of the stain. Wash thoroughly in 
water by letting a gentle stream fall upon the cover-glass, 
or, holding the cover-glass with the forceps, dip it in a con- 
siderable volume of water. When the excess of hfcma- 
toxylin has been removed, place a weak solution of eoain 
on the cover-glasaea and allow it to remain five minutes. 
Wash thoroughly again, and dry the cover-glasses as before- 
The nuclei are stained purplish blue ; the peripheral por- 
tions red. Place a drop of Canada hiilsam on a clean glass 
1 place one of the thoroughly dried cover-glasses on 
red side down- Press it down gentlyj and a veiy 
e and permanent object is made 
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The double staming- may also be accomplished by using 
successively different aniline stains ; fuchsin and methylene 
bhie, fuchsin and Bismarck brown, fuchsin and iodine 
green are recommended. In making the preparations, the 
cover-glass may be dried by passing it through the heated 
air several inches above a gas flame, holding the cover- 
glass with the forceps. Much care must he exerciised, or 
the corpuscleis will be shrivelled. It is better ordinarily 
to let the film dry at the ordinary teiaperatnre of the room. 

The Circulation of the Blood in a Frog's Foot. — The in- 
teresting appearance of the blood circulating in the web of 
a living Erog'a foot maybe seen at the cost of very little 
trouble. No special piece of apparatus is required, but a 
thin strip of wood five inches long and one and a half 
inches wLde^ with a hole three-fourths of an inch in diam- 
eter bored through it an inch fi'om one end, makes an 
excellent frog plate. In the centre of a piece of cloth 
about eight inches square cut a small hole, and pass the 
frog's foot through it. Wrap the cloth around the frog 
and saturate it with water. With a soft string bind the 
frog loosely upon the strip of wood in such position that 
its foot cornea over the opening. Tie threads to its toes, 
and so fasten them that a portion of the web is spread 
horizontally over the opening, and all m ready for exami- 
nation. A little care must be exercised that the strings 
are not drawn too tight, or the circulation may be stopped. 
The fi'og does not appear to he hurt, and after the first 
fright is over usually lies very quietly. 

Cartilage. — Cut as thin a section of cartilage as possible, 
and mount in a half per cent salt solution. Cartilage 
from the sternum of a frog gives paiiicularly favorable 
specimens. Slowly run under the cover-glass some iodine 
Holution. The cells of the cartilage will be brought into 
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clear view as they take a deep brown staia from the 
iodine. The cells occur singly, or two, three, or four 
together. When there are three, one is larger than the 
other two. The growth by celi division is evident from 
this arrangement of the cells. Each cell contains a nu- 
cleus ; some contain two nuclei* The nuclei sometimes 
contain several nucleoli. Between the cells ig a lifeless 
mati'ix which does not take the stain,. 

Sone. — Bone may be decalcified by treating it for 
several hours with very dilute hydrochloric acid. As the 
hydrochloric acid destroys some of the soft tissues, better 
results will be obtained if chromic acid is used, beginning 
with a one-sixth per cent solution. After twelve hours 
pour off this solution, and replace it with a one-third per 
cent solution, and after another twelve hours with a one- 
half per cent solution. Do not use a stronger solution 
than this, but use a large volume and allow the specimen 
to remain until softened* Wash thoroughly in water to 
remove the acid. 

Sections may now be easily cut with a razor. Wash 
the sections in water to make sure that the acid is removed, 
and stain in horax-earmine, which imparta an intense color. 
Avoid overataining, removing excess, if necessary, with 
acid alcohol. 

It is not difficult to prepare sections of bone by grinding. 
A suitable piece of dry bone, a cross-section, for instance, 
cut as thin as possible with a surgeon's saw, is ground 
smooth on one side by rubbing it over a fine-grained whet- 
^""One or file. During the grinding, press gently but firmly 
m it with the fingers. Now place a large drop of 
lada balsam on a piece of glass about an inch square, 

1 hold the gloss with the forceps, or better with a spring 

tbes-piu, over the gas flame untU. the volatile portions 
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are driven off. Allow it to cool, but before it is quite 
ready to set, place the smootb aide of the bone on it, and 
press it gently down until tbe balsam is cold. Using the 
glasa as a holder, continue to grind the bone on the whet- 
stone or file until it is thin enough. Wash the surface 
with alcohol^ and examine the progress of the work from 
time to time under the microscope, placing a drop of water 
on the specimen and cOTering with a cover-glass. The 
section may be thus studied on the bit of glass, or it may 
be very easily made into a permanent mount Immerse it 
in chloroform or benzole until the balsam dissolves and the 
specimen slips off from the piece of glass. Use do force to 
remove it, or it will be injured. Place a drop of balsam on 
a glass slip, and heat to drive off the volatile portions so 
that, upon cooling-, the balsam becomes quite hard. Treat 
a cover-glass in the same way. Remove the section of 
bone from the chlorofonn or benzole, using a camel's-hair 
brush as a lifter, and drain off tbe fluid by touching the sec- 
tion with a piece of filter paper. Place the dried section 
on the centre of the slip, invert the cover-glass over it, and 
hold some distEince above the Hame until the balsam just 
melts. Set aside to harden. The object of this treatment 
is to prevent the balsam from penetrating the apecimen 
and rendering the structure too transparent. 

Epithelium. — Epithelium la to the internal cavities of 
the body what the skin is to the outside. It does not, 
however, form a firm and continuous covering to the under- 
lying tissues. It exists in various forma of loosely joined 
cells. These forms run into one another insensibly, but 
are usually distinguished as pavement and columnar 
epithelium. The cells of the fonner are thin and flat. 
Their arrangement somewhat resembles the ari'angement 
of the gtpijes of a pavement. The cells of colummas. 
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epithelium are thickly crowded together, arrsinged like 
aggregates, of columns. The columnar epithelium i lay 
have cilia or hairlike appendages. 

To obtain specimens for examination, scrape with a dull 
kuife-blade the inside of the cheek, the roof of the mouth, 
01' the mucous membrane of the intestine of a recently 
killed animal, and mount the acrapmga in water, or a half 
per cent salt solution. The cells are nucleated. Scrapings 
from the tongue or the roof of the mouth of a recently 
killed frog are especially good for the study of ciliated 
epithelium. The movements of the cilia are beat studied 
by watching the specimen under a high power for some 
time, while the cells die, the movements of the cilia in full 
life being too rapid to be observed well. 

The methods of studying vegetable and animal speci- 
mens may, of coui-se, be iadefinitely extended. If sufficient 
has been said to give the beginner a start in the right 
direction and aiWtiken interest in these fascinating processes 
of investigation, the object of this chapter is attained. 
The use of so many different stains and reagents is wont 
to seem to the hoginuer an almost insurmountable obstacle 
to the work- The expense involved in very slight, and 
a little experience ahows that the trouble of the manipula- 
tive processes is small. As nearly all the reagents and 
stains keep well, and some are even improved by age, tliey 
should be prepared in leisure hours and kept ready for use 
in g-uitable bottles. When the trouble of using is thus 
reduced to a minimum, there soon comes to be a fascina- 
m in studying the effects produced by different reagcjita 
I d combinations of reagents. A previous knowledge of 

imistry is, of coui-se, an advaut«i,ge in this work, but is 

no means a prerequisite. 
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The process of mounting objects for the microscope for 
permanent preservation is very simple. Many different 
media are employed, but it la well for the beginner to 
become thoroughly famihar with the working of one before 
attempting to use others. One who has mastered the 
methods given in this chapter will find no difficult^' in 
using any mediuo]. 

Mounting' in Canada Balsam. — The medium most uni- 
versiilly employed is C'jinada balsam. This medium pre- 
sents the fewest difficulties. It is therefore well suited to 
the needs of the beginner. Canada balsam may be obtained 
of dealers in mierosoopical siijiplies in the pure form, or 
combined with various solvents, as benzole, xjdolj or 
chloroform. These solutions of balsam, when properly 
plrepared, harden much more quickly than the pure balsam. 
In their prepamtion the pure balsam is heated at a moder- 
ate temperature until the volatile portions are driven off, 
so that when cold the balsam is hard and chips easily. 
This hardened balsam is then dissolved in benzole, xylol, 
or chloroform. Wben an object is mounted in this solu- 
tion, the solvent quickly vohitilizes, and leaves the cover- 
glass securely cemented to the glass slip by the hard balsam. 
Ignorant or ungcrTipuloufi dealers goraetimes simply mix 
fresh baleam with the solvent, and sell the mixture under 
the name of benzole, xylol, or chloroform balsam. Such 
a mixture is as slow in di-j-ing as the pure balsam. 
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If the object to be mounted contains moisture, as h 
ordiiiaiily the case, it must fii-at be thorouglily dehydrated, 
or a cloudiness will result around the object from the fact 
that tbe water does not mix with the balsam. The dehy- 
dration may, in moat cases, be auiEcienfcly accomplished by 
soaking for some minutes in strong commercial alcohol, 
commonly spoken of as 95 per cent alcohol. The use of 
absolute alcohol will insure perfect dehydration, but there 
are comparatively few cases where it is a necessity. 

After dehydration the alcohol is removed, and the speci- 
men cleared, by placing it for a few minutes in oil of 
cloves, turpentine, benzole, or some other substance which 
drives out the alcohol, and which is itself miacible with 
balsam. Perfect clearing is impoi-tant, and it ia often well 
to pass the specimen through two changes of the clearing 
agent- Both dehydratioii and clearing may be effected 
after the object is placed on the slide. The specimen is 
covered with a large drop of alcohol or of the clearing 
agent. After a few minutes this is drained off, and another 
portion of the fluid applied- Repeat the process still again 
for especial thoroughness. 

A glass slip is thoroughly cleaned and warmed over a gas 
flame to drive off all adhering moisture. The slip is placed 
on the turn-table, the object is exactly centred, and a small 
drop of Canada lalsam is dropped upon it. The cover- 
glass, thoroughly cleaned and warmed, is allowed to fall 
gently upon this. The cover-glass should be handled with 
16 forceps to prevent leaving finger marks or stains upon 
One edge should be brought in contact with the 
m at one side of the object. It should tlien be slowly 
i-adually lowered to position to prevent displacement 
object by a too violent movement of the balsam. 
ver-glass should then he pressed down and exactly 



MOUNTIKG OBJECTS FOR THE MtCROSCOPK. 



91 



centred. Gentle pressure may be applied, if desired, hy 
tQeans of sphng clips ; or hy means of lend bullets slightly 
flattened by a blow from a hfimmer so that tUoy will imt 
roll; or by large-headed screws, which are exceUeut for 
this purpose. 

The balsam may be allowed to haitlea at the ordiimry 
temperature. If pure balsam is used, the hardenitig will 
require some xreeka, so that it is often desirable to liaatiiii 
the process. Thu slides may be placed in the oven of a 
"water-bath, and a temperature of between ISO" and I'lO" F. 
maintained for several hours. Jf a higher temiiiirntiire is 
used, or if the heating is unduly prolonged, the biilsiim 
will turn yellow. Another way is to put tl^o alides in the 
kitchen oven at night just after the fire is dumped, In 
the morning the balsam will oiHlinarily be well set. A 
steam radiator or the mantle-piece abova a stovo Hervna 
a similar purpose. The slides should of ccmme hu pro- 
tected from dust. Each should bear a temporary label to 
prevent mistakes in identification. 

This is all that is really necessary for a permanent 
mount. The object will be preserved indefinitely without 
further treatment. With practice it is not difllcult to 
gauge the amount of balsam so that the space lustwivtm 
the cover-glass and the glass slip will lje exactly fill*.'d 
without overflow. If this has not been accoin|)lijil]€<l, and 
there is an overflow of halsam, the slide may Im placed on 
the turn-table, and the thoroughly hardened IxiUam cut off 
with a chisel-shaped instrument. A little water place<l on 
the slide will prevent the balsam chips from flying alyiiit, 
and will help in cleaning the slide. When the suiMrrlliiotw 
bakam has been dislodged by means of the cliiMel, the alide 
is placed under a gentle stream of water from a faucet and 
CEU*efully rubbed with a small brush. The final ^fnttincuk 
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may be removed witli a piece of eloth wet witli alcohol, 
after which the slide ia carefully wiped witli a dry 
cloth. 

Hoantiiig in Glycerine-Jelly. — To mount with glycerine- 
jelly requires rather more skill than to mount with Caniida 
balsam, on account of the difficulty of getting rid of nil 
hubbies, which must be removed before the mount is sealed. 
There are, however, no serious obstacles to be overcome. 
For many objects, noticeably delicate plant sections, 
glycerine- jelly ia superior to balsam. Delicate tissues are 
shrivelled by dehydration* Glycerine-jelly does not require 
that the water should be removed from the specimen, as 
water and the jelly are readily miscible. J 

The bottle of glycerine-jelly is placed in a dish of water" 
and the water heated until the jelly melts. Carefully 
clean a slide, place it on the turn-table, put the object on 
its ceotre, and breathe upon it. Working quickly, place a 
drop of the melted jelly on the object, removing any air 
bubbles by pricking them with a needle. Breathe upon a 
clean cover-glass, put a little of the hot jelly upon it, invert 
it over the specimen, and centre exactly. If nir bubble.'j 
are formed under the cover-glass, they may sometimes 
be removed by introducing a fine wire. 

Another method of procedufe h to place a small piece of 
the solid glycerine-jelly on the centre of the glass slip, aitd 
carefully warm until it melts. The object is placed in this, 
and the air bubbles are removed, if any arc formed. A 
piece of the glycerine-jelly is placed on a cover-glass held 
in the forceps, and melted. The cover-glass is then in- 
verted over the object and centred. 

Set the slide away with a light weight upon it for 
ent}--four houi-s for the jelly to harden thoroughly, 
nove the superfluous jelly with a knife and by washing 
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in ootd water, using a cTotli wet with water to remoye tlie 
filial portions. 

Glycerine-jelly mnunts must be sealed with some tough. 
cement to preveut the entrance! of air and the pai'ting- of 
the cover-glass from the slide. Preliminary to doing this 
the glycerine-jelly around the edge of the cover-glass luay. 
be fiimly set and rendered insoluble by slightly moistening 
it with a strong solutiuii of potasaium dichromate and 
exposing to the sunlight. The slide is placed npon the 
turn-table, and the potassium dichromate applied with 
a brusli. When the slide is ready for the cement, a sable- 
hair brush, with long hair is lightly charged with some 
transparent cement, such as shellac cement, or Berry's 
hard oil finish (see Appendix). The turn-table ia rapidly 
whii'led and a light ring of cement formed about the edge 
of the cover-glass. The brush ia charged a second time, 
and the ring is reinforced by a second coat. The &lide is 
now set aside for the cement to harden. Several additional 
coats should be applied at intervals until a firm ring haa 
been formed to hold the cover-glass securely in place. 

Mounting in Thin Fluids. — It is sometimes desirable to 
mount in clear glycerine, Or in some fluid of even less 
consistency. The principal difficulty arises from the ease 
with which the cover-glass is displaced when it is attempted 
to apply the cement ring. To overcome this difficulty, 
after the cover-glass is in position over the object, and the 
superfluous fluid which runs out from under the cover haa 
been removed with a piece of filter or blotting paper, place 
minute drops of melted paraffin or sealing wax at three 
equidistant points around the coyer-glass- Upon harden- 
ing, these drops will hold the cover^lass in position while 
the rings of coloi'less cement are being applied. In many 
cases a shallow cell, such as is described in the neict -v^Mt*.- 



H 



PRACTICAL METHODS IN MICROSCOPY, 



graph, 18 required to hold the fluid medium, especially 
when the object is of appreciable thicknesB. 

Dry Hounting. — Some objects are rendered too trans- 
parent whtn mounted in any of the above-mentioned 
media. The markings on starches, scales of moths, dia- 
toms, and many similar objects are much less distinct 
when imbedded in these media than when they are viewed 
dry. The principal objection to dry mounting is the fact 
that after some time moisture is liable to collect in the 
mount and obscure the view of the object. For dry 
mounts glass slips should be prepai"ed with shallow cells, 
formed of rings of transparent cement, of a size to suit the 
cover-glass to be used. These cells shovdd be well seasoned 
before they are used. Many of the sli[js may be prepared 
in leisure hours and kept on hand ready for use. 

When ready to mount an object, run a veri/ thin fresh 
coat of transparent cement on the outer edge of the hard- 
ened ring. Place the object in position on the slip, or, 
if light like starch or the scales of a moth, dust a little 
of it on a cover-glass. Lay the cover-glass, prepared side 
down, in position over the cement nng. The ring of 
fresh cement should be of audi size that the edge of the 
cover-glass will extend into it sLightly all around. Place 
a light weight on the cover-glass and set the slide away 
until the cement is hard. Then place it upon the turn- 
table again and apply a In/ht coat of cement over the 
juncture of the cover-glass with the cement ring. If too 
much Cement is used, it will surely run under the cover- 
glass. When the first coat ia dry, add another light one, 
and repeat until the mount ia thoroughly sealed^ 

The sweating of dry mounts may in a measure be pre- 
vented, when the object will not be injured by exposure 
to the air, by making small openings through the hardened 
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cement with a fine needle to give free circulation of the 
air through the cell^ Much care must be exercised in. 
making the opening, or the cover-glasg will be broken. 

Cells of paraffin are also much used for dry mounts. 
They are very easily prepared. The paraffin is heated 
quite hot and applied with a brush in the usual way of 
forming rings on the turn-table. The ring hardens in a 
few minutes and is then neatly trimmed down with- a 
chisel-shaped instmntent, using the turn-table as a lathe. 
A coat o£ transparent cement is applied to the ring, and 
the object is mounted and sealed as already described. 

Moantiae i& CfrlU with Floid Bedla. — It is often desired 
to preserve objects that are too thick to mount without 
some means uf raising the cover-glass from the slide. 
Many delicate objects ■ — whole insects, for example — would 
be crushed and much injured if mounted in the ordinary 
way, unless especially prepared for that style of mounting. 
All auob objects may be mounted in cella of depths suited 
to each ease. When the objects are quite thin, rin^ of 
transparent cement of sufiScient thickness may be built up. 
These should be prepared beforehand and kept ready for 
use. A well-seasoned cell is much more reliable than one 
freshly made. In making these cells apply light coata of 
the Cement at intervals, giving time for each to dry before 
the next application is made. For thicker objects, rings 
of glass, havd rubber, or metal should be purchased of 
aome dealer in microscopical supplies. These are fastened 
to glass slips by smearing one side with transparent cementj 
placing them in exact central position on the slip on the 
turn-table, and setting aside with a light weight on them 
until the cenieut is hard. A coat of the cement is then 
run around the outside of the cell and allowed to harden. 

In mounting, the cell is filled even full with CatiadA. 
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balsam, glycerine-jelly, glycerine, or other mounting 
medium to be used, taking care not to let tlie medium 
touch the upper surface of the ring. Place the slide on 
the tuni-table and run a ring of transpnrent cement on the 
upper surface of the ring. Lower the cover-glass to posi- 
tion and see that there are no air bubblea. The edge of 
the cover-glass should be alightly imbedded in the ring 
of fresb. cement. If skilfully done, the cement and 
atmospheric pressure will bold the cover-^lass in position. 
Any overflow of the mounting medium should now be 
removed unless the medium is Canada balsam. It is gen- 
erally better to wait for the balsam to harden before at- 
tempting to remove it. Aqueous media mslj be washed 
away, the cover-glass being held in position with spring 
clijjs, if necessary. After this cleaning, the cover-glass is 
secured in position by successive light rings of tmnsparent 
cement. 

It is important for success in cell-mounting that the 
upper surface of the cell be perfectly even and flat. 
Cement cells may be brought to this condition, when 
necessary, by means of a fine file, or by heating to soften 
the cement, and pressing squarely against the top of the 
ceil with a glass slip. No atterapt should be made to use 
curtain rings and other cheap substitutes for cells, as no 
amount of skill will enable one to succeed in closing the 
cell if its upper surface does not make perfect contact 
with the cover-glass all around. 

PiniBhing; Slides. — For practical purposes, slides made 
by the processes above described may be regarded as fin- 
ished. The appearance and the durability of the slide 
will, however, be much improved by applying neat rings of 
colored cements. Before applying these colored cements, 
balsam as well as other mounts should be thoroughly 
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sealed by the application of several light coats of trans- 
parent cement. When this cement has thoroughly hard- 
ened, the edges should be turned true with a chisel-shaped 
instrument, using the turn-table as a lathe. A eomewhat 
broad ring of some colored cement may now be applied, 
entirely covering the transparent cement and extending 
3lig;htly on to the cover-glass on the inner aide and out on 
to the slip on the outer side. Give this cetuent time to 
harden and turn both edges true. A narrower ling of 
some contrasting color is now applied in such a manner 
as to leave a narrow ring of the tirat color on either aide. 
When dry, a ring of ^ third Color may similatly be applied 
80 as to leave a ring of the second color on either side of 
it. With a little practice, rings of as many different colore 
as desired may be very quickly and neatly applied, and tha 
appearance of the slide much impTOved. 

There is in some quarters ei professed contempt for this 
ornamentation of slides. Carried to excess it ia unques- 
tionably a serious waste of time. The contempt usually 
comes from those who have never acquired the skill to do 
a neat piece of work- One who has once acquired this 
skill knows that he possesses the ability to do neat work 
more rapidly than he could before do slovenly work. 
There is, too, a real pleasure in a piece of neatly exe- 
cuted mechanical work, and skill attained in this work is a 
training for the many other mechanical operations of the 
microscopist. 

In applying cement rings, a long-haired sable brush should 
he used. The brush known among artists as the Rigger 
brush Ls eKcellent, The brush should first be lightly 
charged and the turn-table rapidly whirled. This first 
application forma a track which the cement will follow in 
the subsequent applications. The brush is now more 
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heavily charged so that a smc(U drop forms at the end. 
The turn-table is rapidly whirled, tha brush lield nearly 
vertically or slanted in a line tangent to the ring to be 
formed, and the drop of cement approached until it just 
touches the track formed for it. The judgment must be 
used as to the amount of cement to be now applied. As a 
rule it is better to apply the cement in light coats, giving 
time for each to harden. In this way the spreading of the 
cement is avoided. 

It DOW remains to place neat permanent labels on the 
slide, and it is finished. These labels should stnte the 
common and scientific name of the object, call attention 
to any particular points of structure or preparation, name 
the mounting jnediam and stains effiployed, the thickness 
of the cover-glass, and any other facts which will be of 
value in future examinations of the slide. 

Cleaning Olus Stipa and Cover-Glasses. — It oft^'U happens 
even with experienced microscopists that imperfect mounts 
are made, and an eaay way of cleaning the slip and cover- 
glass is desirable. A wide-mouthed bottle should he pro- 
vided for this purpose, a pint fruit jar, for instance. In 
this place a strong solution of boras, washing soda, or 
caustic potash. Into this solution drop the spoiled slides, 
here to remain until a number have been ao deposited, 
and until a convenient season presents itself to attend 
to them. The solution dissolves not only balsam, but 
all resinous media and cements. After a few days the 
cover readily slips off fi'om even seasoned mounts, and the 
balsam and oemeuts are estsily removed by scraping with 
the thumb nail. Sharp instruments should not be employed 
to scrape a slide that is to be used again, as scratches are 
almost sure to result. 
■4£he writer uses ordinarily borax water, as being most 
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a^eeable to handle, and finds the glass clean enougli for 
most practical purposes. To make sure that the slides and 
covers are optically clean, soak them for some days in the 
following mixture : Dissolve 10 grammes of potassium di- 
chromate in 50 c.c. of water by the aid of heat; when 
the solution is cool, immerse the containing vessel in cold 
water, and pour into it 60 c.c. of sulphuric acid slowly and 
cai-efuUy with constant stirring. 

Upon removing the slides and cover-glasses from this 
solution, wash them thoroughly in clean water. Fig. 39 
shows a useful device for keej>ing them clean and free 
from dust.. 
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The object of tbis chapter is to furnish illustrations of 
the methods of the preceding chapter, and tO' afford means 
of introducing the beginner to some of the nianipulationg 
necessary in the makuig of microscopB slides. An object 
prepared for the microscope is not unfrequently an object 
of supreme mystery to one "who is wholly inexperienced in 
the processes. Minute and explicit directions will be here 
given for a few simple, easily accessible, and easily prepared 
objects. If the beginner will foEow these directions with 
patience and care, the mjatery will be solved and be 
proved to be no mystery at ali. 

For this practice work the necessary equipment consista 
of a few glass slips and cover-glasses; a small bottle of 
benzole or xylol balsam ; a bottle of sodium or calcium 
hypochlorite J a bottle of borax-carmine sttiining fluid; one 
each of iodine green, alcohol, turpentine, benzole, and a weak 
solution of cauBtic potash; a pair of improvised dissecting^ 
needles ; and plain forceps. With this equipment, not 
only the work of this chapter^ but quite a wide range 
of investigation may be accomplished, and a considerable 
variety of work in the preparation and mounting of objects 
may be done. It is better, perhaps, to purchase the borax- 
carmine staining solution ready for use, thongh it is not 
difficult to prepare it according to the directions given in 
the Appendix. However it is obtained, it is of importance 
to know its alcohohe strength, and to aoa.k, Uife '^J^'^'^ \Ri>«. 
Wl 
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stained in alcohol of the same strength before it is placed 
in the stain, and after staining to rinse oS the the supei-- 
fluous etaiuing fluid in alcohol of the same strength. If 
these precautions are neglected, solid particles of carmine 
will be deposited on the specimen. The iodine green 
should be purchased in the solid forni. A strong solution 
of thia in alcohol should be made and filtered. This 
solution may be diluted with alcohol to any desired degree 
for use. 

Insect Scales, Starch, and Similar Light Objects. — These 
objects afford interesting material for slides, and are 
especially easy of preparation. The wing of a moth is 
touched to a cover-glass, or a Httle stai'ch is dusted on a 
cover-glass, and the cover-glass is inverted over a small drop 
of biilsam on a glass slip. Hold the clean cover-glass in 
the forceps by one edge, bring the opposite edge into light 
contact with the balsam^ and allow the cover to fall by its 
own weight gradually upon the balsam. Carefully press 
down and exactly centre the cover-glass. Pay no attention 
to air bubbles unless they are quite large, as they will 
disappear as the balsam hardens. The centring of the 
object and of the cover^glass may be accomplished on 
the turn-table, or by using the common expedient of 
drawing a figure one by three inches in dimensions on a 
slip of paper, finding its centre by di'awing diagonals, and 
describing a circle the size of the cover-glass about this 
centre. The balsam is now hardened, and the slide cleaned 
and finished according to the directions given in the pre- 
ceding chapter. 

Hairs. — Hairs should be soaked in turpentine for some 

days to render them more transparent. They should then 

",ut in lengths suited to the size of cover-glass used, 

L on a glass slip, a small drop of Canada balsam. 
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allowed to fall on them, and a clean cover-glass placed 
over them. Many hairs polarize finely. Among easily 
accessible and interesting hairs may be mentioned human 
hairs (especially those of the beard), caterpillar, rat, mouse, 
raccoon, and hat haija, and the bristles of the hog. The 
hog's bristles are especially attractive objects under the 
polai'iaeope. 

Insects. — When the beginner has acquired a little ex- 
perience in mounting the above-tnetitioned objects, he may 
advance to parts of insects, as the wing or foot of a fly, and 
to the mounting of small inseeta whole. Soak the object for 
twelve hours in a weak solution of caustic potash to cleanse 
it from any adhering dirt or oily particles, and to soften 
the harder portions of chitinous skeletons. If a whole 
insect ia being treated, it should now be placed between 
two pieces of glass, and the soft visceral portions removed 
by gently and cai'efully pressing the pieces of glass to- 
gether. The soft portions are then carefully brushed off, 
placing the piece of glass bearing the insect under water 
in a shallow dish and using two camel'a-hair brushes, one 
to hold the insect, the other to remove the adliering 
matter. Renew the water until the caustic jwtash has 
been wholly washed out. Place the object in 95 per 
cent alcohol for twenty-four hours to remove the water. 
Then treat with turpentine. The longer the object remains 
in tlie turpentine, the clearer and more transparent Avill 
it become ; but as the balsam has a similar effect, it may 
remain in the turpentine only long enough to become 
permeated. It is well to allow it to remain at least twenty- 
four hours. Warm a glasa slip by passing it to and fro 
above a gaa or lamp flame to drive o£f all moisture. 
Transfer tlie object to the centre of the slip and diain off 
the superfluous turpeutine. Place a drop of Canada 
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ever, immersion in alcohol foi' a few days is an advantag'e, 
when the cliang;ea itsulting' from the alcohol are of no 
ticcoiint, as the aleohul remoTes iiU reaimtus substances, 
wliieb stain and clog the knife. If the specimen ia made 
hard and brittle by the alcohol, immerse it for a short 
time in a mixture of alcohol and glycerine, half and half, 
which will restore it to a soft condition. 

Specimens which are too soft to be cut directly may be 
held l)etwtfen two pieces of cnrk, the Bpetriraen projecting 
aliout one-fourth of an inch above thu cork. The wbaLe 
should be clamped low down in the jaws of tiie micro- 
tome damp to prevent springing. Do not cut tbj-ou|,^h 
the cork, as it diills the knife. Some specimuns are aJvan- 
tageouely held between pieces of pitb, carrtit, potato, or 
similar substance wliich will not injure the knife. Others 
are ro soft tliat they must be imbedded in ptiraffin or 
celloidin. Some even require to be luirdened before they 
are imbedded. The specimen ia treated with one of the 
fixing fluids mentioned in the Appendix. It Ih then placed 
in 50 per cent, 70 per cent, ami 90 per cent alcohol, remain- 
ing in each several hours. Omit such of the lower aleohf>ls 
as the fixing agent permits. Soft tiasues thus hardened 
may be kept iudefiiutely in SO per cent alcohol. Speeimena 
collected in July or August may be tlius kept for winter 
use. They are very couvtmiently kept in two-rlraehni vials. 
The specimen should be completely covered with the aleo- 
hoh and caidi vial should be labL^lled. The mure woody 
Bpecimena, which become hard and brittle in the alcohol, 
must be soaked twenty-four bourn in tho mixture of alco- 
hol and glycerine before they are eut- Specimens may also 
be preserved in formalin, wliich has recently come into use 
and is largely sni>pliuiting alcohol am a preservative niediiim. 

Imbedding in Paraffin. - — Three grades of paraffin may 
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Ije nbtaiued of dealers iii microscopical supplies :: hard, 
melting at ISO" F. ; medium, melting at 126° F.; soft, 
iiicltiiigf Jit 120° F. TiiL-y muy be mixed in any propor- 
titJiis nectissary to give the right cousistieacy for the tem- 
pemture of the room in which the aecticming is to be 
dune. Faraffia that ■will mult at about 125'' F. is suitable 
ill most cases. For paraffin moulds, obtain at the gas- 
fitter's pieces of the hvoj^a tubing used as the casing for gas 
fixtures. These pieces should be about one inch long and 
from one to two inches in diameter. 

Prepare the olijcct by dehydrating in alcohol of gradu- 
ally increasing strength, up to ateolute alcohol. Soak in 
cliloroforni twenty-four boursj then twenty-four hours in 
chloroform in whii;!i has been dissolved as ranch pamffin as 
will dissolve. As chloroform is somewhat expensive, the 
s])irits oi' oil of turpentine is often substituted for it. 

Mi>lt the paraffin over a water-bath, but be sure that 
it is ho Avarmer than h necessary to keep it fluid, or the 
speeimcMia may be shrivelled. Four on to a piece of paper 
eniiugli of the melted pai-aflin to make a cii'cle a little 
larger thaii the mould to be used. As the paraffin beghis 
tn stiffen fix the specimen ujiright in it, the end to be cut 
beingr down. Place a mould over the specimen, sinking it 
down into the circle nf paraffin, and fill it with melted 
jiiiraffin. Set aside, for the paraRin to become thorniighly 
hard. The hardening may be hastened, if so desired, by 
pbieing the whole in cold water as soon as the paraffin bus 
stiffened sufficiently to bear this treatment. When the 
j>arafliii is bard, pass the mould two or three times 
thn^iigh a gas tlame, and the paiaflin cast may then be 
easily pushed out. Trim off the opposite sides so that it 
may be move easily held in the jaws of the uiicrotome, and 
cut away the paniffiu to within an eighth of an inch of 
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the object on tlie end to be cut, and it is ready for section- 
ing. The cast may be held directly in the clamp of the 

microtome, or it may be fastened to the ronglieued end of 
a cork by meana of a little melted paratHn, and tlie tiork 
held in the jaws of the clamp. If a well-microtoine is 
used, the object may he imbedded in jtaraffin in the well. 
Imbedded specimens may, of course, be cut free-hand in 
the manner already dcHcrihed. Trum*fer the sections with 
a small bru.nh to chloroform, turpentine, benzole, xylol, 
toluol, naphtha, benziii, oil of hergamot, oil of origanum, 
or oil of cloves, any one of which will dissolve the paraffin. 
Kemove this solvent by transferring to two changes of 
alcohol liefore staining. 

Imbedding in. Celloidin. — Celloidin may be obtained of 
dealers in mieroacopieal supplies. It ia a form of nitro- 
cellulose. It dissolves in a mixture of equal parts of 
ether and absolute alcohol. Prepare two solutions, one 
quite thin ; the other, thick. The object, which for this 
method should be not more than one-third of an inch in 
length, is thoroughly dehydrated in alcohol and ether and 
soaked in the thin solution of celloidin for twenty-four 
hours or long-er. It is then transferred to the thick sohi- 
tion, wliere it ia to remaiji some hours. It may then be 
imbedded as follows : Place a little of the thick solution 
of celloidin on a cork and let it dry for a few minuttis. 
Add successive layers of celloidin, letting each dry, until 
a considei'able masa is built up. Transfer the object from 
the thick solution of celloidin to this mass and build the 
celloidin Up over it- Weight the cork sind immerse the 
whole in 82 per cent alcohol, and in twenty-four to forty- 
eight hours the celloidin will be sufficiently hardened to 
cut. Strong" alcohol dissolves the celloidin anil must not 
be used. Objects imbedded In celloidin may he kept 
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indefinitely in 82 per cent alcohol. In cutting, keep the 
object and the knife wet with 50 to 70 per cent alcohol. 
Plant sections should be cut to the thickness of one row 
of cells, which varies in different specimens from ^^ to 
of an inch. 

These somewhat complicated processes demand careful 
and painstiikitig work, but the ((unlity of the results with 
delicate tissues amply repays the trouble. The simple 
processes already described of cutting the sections without 
imbedding the specimen, or after imbedding it in pith or^ 
cAiTot, are amply sufficient for a gren.t number of objects 
that are to ho cut, and will naturally be used, on account 
of their greater simplicity, when good sections can be 
obtained by them. Tliere are, however, many delicate 
tisKiiies that canjxot he cut into tliin sections unless their 
parts are supported by some substance that will infiltrate 
into the specniien. Resort is then had to the more tron- 
bleaome metl\£ida. Another method highly recommended 
for this class of objects by many experienced workers is 

Imbedding in Tranaparent Soap. — The soap mass is pre- 
pared as foHows : Any gootl white soap is cut into thin 
slices and thorouglily dried by exposure to the aun. The 
soap is then crumbled to a fine powder and mixed withJ 
90 per cent alcohol to form a stiff mass- Glycerine and ^ 
90 per cent alcohol are then added till the proportions by 
weight are: soap, 10 parts; glycerine, 22 parts; alcohol, 
35 parts. Heat gently until transparent. 

Place the object in GO per cent alcohol, imbed in the 
soap liquefied by heat, cut sections dry or wet with alco- 
hol, and remove the soap with warm water or alcohol. 

Staining. — The staining of vegetable sections is a very 
simple matter. Many sections take the stain more readily 
if they are first bleached. Section^ cut without imbeds^ 
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ding, or after being freed finni pjiraffin, are placed in 
water and then hi an aqueous solution of caluium or 
sodium hypoelilorite in a stoppered buttle. Tlie time 
i-equired tor bleiiuhiiig; varies with Llifl'creut BpeoiiUBns 
from one or two hours to one or two days. The speci- 
luens must be watched to guard against inacevntion. If 
the action la alow, decant the caleium hypachlonte and 
add a fi-esh portion from time to time. The bleaching 
will be more ■complete if the sections are transferred from 
the calcium iiypochlorite to very dilute hydrocliloric acid 
for a few minutes. After the acid waah thoroughly in 
water to remove the acid. The sections may now be 
stained in carmine, hematoxylin, or in aujline dye5. The 
Appendix gives formulas for preparhig the st.iiuing solu- 
tions, but the Ijeginner is advised to obtain the stains 
ready prejjared by some dealer in. microscopieal aupplies. 
After some experience has been acquired willi the ready- 
prepared stains, trials may be made in preparing one^s 
own stains. It is best to confine one's aelf to a very few 
kindH until some experience has been gained. As a rule 
alcoholic staina are more satisfactory than the aqueous 
stains, if the object is to be mounted in balsiiin. In using 
the carmine stains it is to be remembered that it is very 
important that the object be innneracd in alcohol of the 
same strength as the stain before staining, and transferred 
from the stain to alcohol of the same strength. If this 
precaution is not observed, solid particles of carmine \YilL 
he precipitated in the cells of the tissue. .Tlio object is 
then passed through the higher grades of alcohol to com- 
plete dehydration. 

Objects cut in celloidin may be transfeired to water or 
dilute alcoliol and stained in ctirmine or h;ematnxylin. 

ho celloidin is but very slightly colored, and the sec- 
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tinns are mnuTitecl without removing the celloitlin. Ani- 
line dyes stain the celloidm, and must not be used for 
these sec-tiiins. After staining transfer to sdcoliol of the 
ea,mii streiigtli us the wtuia, tfieii to water, then to glyeerine, 
in which the eeetions Bhould soak some minuter before 
mniintinn;. Mount in glycerine or glycerine -jelly. If 
Canada balsam is to be the mounting medLuin., transfer the 
section from the Htain to alcohol of the same strength as 
the stitin, dehydrate in 95 per cent alcohol very quiekly, 
clear with dilornfiirm, caTholii^ iiiiid dissolved in turpen- 
tine, ox oil of origanum, but not with oil of eloves, which 
dissnlvea eelloidin. 

It is to be rem entile red that the objeot of staining is to 
differentiate structure, and that tliat staining is most suc- 
cessful which brings OUt most perfectly the different parts 
of tho s]_)iicimen. OTei"KtLiLnLiig obscures structure and 
defeats the very pui'pose for u'hieh the staining is under^ 
taken. Delicate staining also, as a rnle, gives results that 
are in better taate than deeply stained objects, Tlie 
tliieker the section, the more careful must one be not to 
overstaln. It is also to be re mem tiered that many speci- 
mens are riot suitable for double staining. The more 
homogeneous the sti'uctiire, the less likely ia the specimen 
to take two different stains. 

The same dye prepared by different formulas acts dif- 
ferently on the same tissues. Experience alone can tell 
■which stain, or which combinations of stains, will give the 
most satisfnctory res^ults. The same staining flioid also 
acts quite differently on Bectiona of different plants. The 
acidity, alkalinity, or other chemical properties of the 
plant tissue modify the effect of the stains, so that each 
plant is, as it were, a law to itself in it« behavior toward 
the etahiiug fluid. 
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Order of Procedure wilh Vegttabls Specbnens lo he cut in Paraffin. 

1. Q. If th« material is fresh, harden in alcohol of griidil^;i^ iucreas- 

itig strength up to absolute alcohol. 
6. If the material ia alcoholic anil hard, soak ill alcohol and glyce- 

rint, equal piirta, uutil soft; if the material is iilcoholic and 

Boft, omit thiH step. 
3. a. Remove alcohol by soaking in henitole or oil of clovea. Soak 

24 houFB in benzole containing all the paraffin it will die- 

aolve. Or, 
fc, Soak in chloroform 24 hours, then 24 hours in chloroform in 

whicli has been dissolved as iitiich paraf&n as will dissolve. 

3. Imbed in paraffin. 

4. Cut sections. Fix to slide- See fixatives noted! in Appendis- 

5. Remove paraffin by soaking in chloroform, turpentine, beni^ole, or 

oil of cloves. . 

6. Remove chloroform, turpentine, benzole, or oii of cloves by sjoak- 

ing in two changes of 9& per cent alci>bol. Bleach, the section, 
if it aeeitiii dej*irab]e. 
T. a. Place in 3a per cent alcohol. 

b. Stain in dilute Grenadier's Borax-Carmine. 

c. Place in 35 per cent alcohol, to which haa been added a drop 

or two of hydrochloric acid. 

d. Pass through 50 per cent, 7{l per cent, and 95 per cent alcohol. 
S. a. Stain in an alcoholic .solution of ioduie {jreeu or methyl green, 

made very dilute. 
Jt. Wash out eicesB of stain in 95 per gent alcohol, and place for 
a few minutes in absolute aJcobol. 
9. Clear in oil of cedar or beiizole. 
10. Mount ill pure Canada balsam. 

Number 8 may be omittetl. In tliis case, placo the sec- 
tionB in absolute alcohol, clear in oil of cedar, oil of uloves, 
oil of marjoram, oil of tiu'pentine, or benzole. Mount in 
[pure balsam or in balsam dissolved in xylol, benzole, or 
fchloroform. Sections stained in the aniline dyea are liable 
' to fade in oil of cloves and in xylol, chloroform» or benzole 
lljalsam, or in glycerine, or glycerine- jelly. They should. 
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therefore, be cleared in benzole or uil of cedar and mounted 
in pure balsam. Evkd tken the aniline dyes are not very 
lasting- far pernianent mounts. Sections stained \vitli these 
dyes should be kept hi the dark, as exposure to sttotig light 
fades the eolors. 

If the sections are to be mounted hi glycerine or glyce- 
rme-jelly, tlie above order may he adiiered to tliroug;h the 
ataiiiing. The sections pass from the stain hito alcohol 
of the same strength as the stain, then hito glycerine. 
They are soaked some time iu glycerine, and mounted hi 
glycerine or glycerine -jelly. 

In the place of numbers 7 and 8 may be anbstituted any 
of the stains mentioned in the Appendix, taking care to 
treat the specimen before and after the staining according 
to the dii'ections given with the formula for each stain. 



Order of Procedure with Vegetable Specimens to be cut in CeUoiiiin- 

1. a. If tlie material is fresh, dehydrate m alcohol of gradually 

increaaing Btreiisftli. 
ft. If t]]« )iiti.tei'ial is ilIcuIioUc and liiird, Boak in alfohfj] and glyoe- 
riiie, equal parts, until soft ; if the m.aterial is alcoholic and 
BoEt, omit thi« stap. 

2. Soak iu a, mixture of equal parts of alcohol and ether for 24 hours. 

3. Soak '2i hours in thin celloidiii. 

4. Soak 24 hours in tliiek culloidin. 

5. Imhed in celloidin and imnierse in 82 per cent alcohol for 24 to 
46 liuurs. 

Q. Cut Heutions, keeping the knife and apecimen wet with 50 to 70 
per cent alcohol. Keep the knife very oMique. and cut with a 

L quick, steady stroke- If tinj aectloii,'} will piermit, remove the 
celloidin by so^ikiug the sections in almohite nieohol; in this 
case, the treatment in stainUig and the siibseqiient proces-tt^s 
may ho tlis same as foi- Gjiei^imeiiA cut in paraflld. IX the 
celloidin is not t-a be remove<l, whieh must be the case with 
all diilicate sections, pass on to 7. 
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7. a. Place in 35 per cent alcohol with the celloidin on the sections 

b. Stain in dilute Grenadier's Borax-Carmine. 

c. Place in 35 per cent alcohol to which a few drops of hydro 

chloric acid have been added. 

d. Place in S2 per cent alcohol. 

8. Fix sections on slip with ether vapor or a small drop of ether applied 

to the sections, if the celloidin was allowed to remain on them. 

9. a. Place in 95 per cent alcohol for not more than 30 seconds. 

b. Place on a glass slip and flood with carbolic acid dissolved in 

turpentine, or with chloroform, to clear the section. Applj 
the clearing agent until the celloidin is iwrfectly transparent. 

c. Working quickly, drop on beuzole or chloroform balsam, and 

cover with a cover-glass. 

The alcohol of commerce is often much below 95 pei 
cent in strength. It may be necessary to use the so-called 
absolute alcohol for dehydrating if chloroform is used foi 
clearing. Care must be taken not to allow the seetioiif 
to remain in the alcohol long enough for the celloidin to 
dissolve. 

In place of number T ha3matoxylin or one of the other 
carmine solutions may be substituted, remeinliering the 
precautions as to treatment before and after staining. To 
secure success with the celloidin method, the dehydration 
must be rapidly accomplished. Tlie essential oils, such as 
oil of cloves, oil of cedar, etc., either dissolve the celloidin 
or cause the section to shrivel, and should n<jt be used 
by preference, although it is true that they are so used by 
some workers. 

Delicate Plant Tissues. — The methods already outlined 
are amply sufficient for the coarser plant structures and 
for work in whieli the preservation of cell-contenls and 
the prevention of shrinkage in the tissues are not of great 
importance. When, liowever, one is dealing with delirate 
^lant tissues, such, for instan<'e, as rout tips, terminal 



buds, proth^llia of ferns, ovaries jitilI spermaries, and 
similar young and lender -growtlis, in wliicJi the preser- 
vation ot the cell-contents and the prevention of shrink- 
age is of prime importaiiei^, the utmost care must lie 
exercised in kiUijig iinii Hxmg the contents of tliti cells, 
in removing the water by gradtinl dehydration, and in 
preventing- sudden changes of temperature in preparing 
the object for imbedding in paraffin. At the risk of somo 
repetition the methods of procedui'e requisite for the beat 
results in delicate work will be detailed. 

With these classes of tissues, killing the protoplasm 
and fixing the cell-contents as near as possible in tbeir 
natural eonditicm must first be accomplished, and upon 
the isuceeiss of tliis step will depend the value of the future 
result- Killing and fixing the cell-contents may be done 
either by the use of fluids which operate so slowly that 
the tissues do not change form or by the use of dnids 
which act with great rapidity. Whatever fixing or hard- 
ening fluid is used, it is iniportant tliat its volume be 
miiny times the volume of tlie object treated. 

Dilute alcohul is mueli used in killing- and fixing plant 
tissues. The delicate specimens are placed in 10 per 
cent alcohol, and then transferred to 30, 35, 50, 70, and 
95 per cent and ahsulute alcohol. They are allowed to 
remain in tlio 10 per cent alcohol from half an hour to 
an hour, according to the size and character of tlie speci- 
men. At each succeeding step the time is doubled. The 
specimens must not be allowed to remain too long in any 
of the alcohols below TO per cent, as maceration is likely 
to ensue. They niay remitin indefinitely in the alcohols 
above 70 per cent. When the alcohol winch correspnmla ■ 
-with tbe alcoholic atrengtli of the stain that is to be used 
(sBe-Appeiidiit for treatment before and after each staip") 
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has been reat^hed, the specimen vtiij be staineU in the 
mass, if desired. Otbernif^ the process is contiaued to 
perfect dehydration, »td tht; sections, after cutting'f are 
staia^ Ob the slide or in iratch gla&^es. 

The use of Schultze's dehTdj-ating 's-essel sares much 
time in making the transfers, and alsu avoids the 

injury to d«lieate 
^lecimens whicii is 
almost sure to re- 
sult from chang- 
iug them from one 
vessel to another. 
A modified form 
of Schultze's Tcssel 
is shown in Fig. 42. 
Another modified 
form may be im- 
pmvised as fol- 
lows: Partly fill a 
larjrojiocked bottle 
with absolute alco- 
hol, placing anhy- 
droos copper sul- 
phate or calcium 
chloride in the bottom to keep the feloobol up to foil 
strength. Select a test-tube of about the same length as , 
the bottle. Cut the bottom off from tliis tulie imd pre- 
pare a false bottom or diaphragm of chamob stin. The 
piece of chamois skin should be cut cireular in shape, of a 
diameter somewhat lai^er than that of the lube : it b held 
in the tube by a coQ of three or four turns of spring brass 
wire. In putting this diaphragm in pt^itiim. the cltamois 
skin is laid orer the coil of wire-, which is then gently pushed 
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up into the tube so that tte cliamois skin comes between 
tlie coil and the inside of the tube all around. The tube 
thus prepared is to stand in tho bottle; it should not rise 
so high in the neck that the battle cannot be closely stop- 
pered ; it should also rest on the bottom of the bottlu, or 
ou supports placed on the bottom* in such a way that the 
absolute alcohol will have easy entrance to it. This tube 
is partly filled with 50 per cent alcohol. A second some- 
what shorter tube, that will jnst rest in the first tube and 
be supported by its rim, is also fitted with a cbamois skin 
diaphragm and is partially filled with 10 per cent alcohol. 
Tlie delicate plant tissues ai'e placed in the tube contain- 
iBg the 10 per cent alcohol ; this tube is placed within 
the tube eontaining the 50 per cent alcohol j and this is 
placed in the bottle, taking care to have the liquids at 
the same level in the three veseela. Stopper the bottle 
tightly. 

The operation is by osmosis. The dilute alcohol passes 
through the chamois skin diaphragm of the short tube 
into the 50 per cent aleohnl, and the 50 per cent alcohol 
passes up into the dilute alcohol. At the same time the 
50 per cent alcohol passes down into the absolute alcohol, 
the water of the weaker alcohol is absorbed by the copper 
sulphate or calcium cMoride, and alinolute alcohol p.'isses 
upward. By this interchange of fluids the alcohol in the 
tube containing tlie specimens gi-adua!ly becomes of full 
strength, and' perfect dehydration of the specimens is 
accomplished in from twenty-four to forty-eight hours. 
The specimens may of course remain in the apparatus 
indefinitely, as the alcohol will prt;serve them perfectly. 
By this process the dtihydration is so gradual that the 
cell-contents are killed and fixed in the cells without 
shrinking. 
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Picric acid is a vhIullLIl- killiiig aud lixing agent, It 
may be used in uanueutrated aqueous or aluolxolic solu- 
tion. Treat oiijects witli tliis sulutinu from two to 
twenty-four houra stceordiug to their cluiracter and size, 
remove them, aud wasli out the acid thorougUy in 95 per 
cent alcohol. This may take a uumher of days, but must 
be thtirnughly done. Any alcoholic Htain may be uaed. 

Picro-suipfmric acid may bo used in phice of picric acid. 
Mayer's formula is: Water, 100 parts; sulphuric acid,| 
2 parts; picric acid, all thai will dLwolve. TIus maj'" be 
used full Htrength or may be tUiuted with three times its 
volume of water. The object remains in the solution 
from three to twelve hours. It is then tlboroughly washed 
m 70 per cent and the higher alcohols. Thorough wash- 
ing is important, but this isolution is more easily removed 
tlian pure picric acid. Warm alcohol will remove it mudi 
more rapiiUy than cold. Safranin in aleoliolic solution 
is a good stain ; so, too, are most alcoholic; carmiTiee and 
hsematoxylina, if the acid has been tbofougiily washed 
out. 

Osmia add may be used in the form of a solution or of 
a vapor. Aqueous solutions of osmic acid do not keep 
well. Lee therefore recommends that the osniic acid be 
dissolved in a 1 per cent aqueous solution of ciiroiuic 
aeid, in which form it keeps well and is fully as efficient 
as when dissolved in water only. The solution ahnnld 
he quite weak, -^jf to 1 per cent. Small objects may be 
exposed to osmic acid vapors by placing them in a droj) 
of water on a slide and inverting over the mouth of a 
bottle containing solid osmic acid or 1 per cent of osmic 
iicid iliasolved in 1 per cent aqueous chromic acid. Treat- 
lent ivitli the vapor is always to be preferred when it is 
ipplicable. The time of treatment with eitlier tlie solu- 
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tion or the vapor should be from one or two minutes to 
several hours, or even twenty-four hours, according to 
the size ami character of the object. Tlie acid should 
be washed out in water. Otsmic add blackeus orgauio 
mutter, but the color may be removed by subsequent treat- 
ment with a 4 or 5 p^r cent solution of commercial iiydro- 
gen peroxide in 70 per cent alculiol, or in a 1 per ceut 
solution of chromic acid in "water. The chromic acid 
Hhould be washed out with water followed by alcohoL 
The objects ahouLd he trauaferred to the alcohol in the 
dark, aa alcohol causes a precipitate with chromic acid 
if the two are broug;ht together in the light. Treatment 
with Muller's, Erlicki^s, or Merkel's solution from twelve 
to tweiity-four hours also tends to remove the blacken- 
ing'. Stain with hiematoxylin, picro-carmine, or ammonia 
Ciirmine. 

MerkeVa solution is recommended as a fixing medium 
for very delicate objects. It consists of equal parts of 
a I per cent aqueous solution nf chromic acid and a J per 
ceut aqueous solution of platinum chloride. It should 
act from one to several days. Wash out in 35 per cent 
alcohol, staiu in Grenacher'a borax cariuhie, wash again 
in 35 per ceut and the higher idcohola. Or after the 
Merkel's solution wasii in 70 per cent alcohol, stain in 
Kleineul>erg''a hajioatoxylm, and complete the dehydration 
after staiumg. Objects treat&l with Merkel's solution 
or with chromic acid in any foriti stain with considerable 
difficulty, The acid must be thoroughly washed out; the 
staining fluid must act some time, and tlie sooner it is 
applied after the object has been freed from the chromic 
acid solution, the surer and better will be the results. 

Corrosive snUunnte (mercvrlc chloride) may be used in 
a saturated aqueous or alcoholic solution. Allow it to 
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act from a few mimites to tweTity-four hours according 
to the size and character of the object, and wash out in 
70 per cent iilcohol to which a little tincture of iodine or 
iodine dissolved in potassium iodide has been added. 
Follow with the higher alcohols, washing very thor- 
oughly,. The objects must not be touched with any 
implement of iron until the corrosive sublimate has been 
wholly washed out, as otherwise a precipitate of metallic 
mercury will be formed. 

A soLutiou of corrosive sublimate in 1 to 5 per cent 
aqueous acetic acid is also highly recommended as a fix- 
ing agent. Wash out in water or alcohol, preferably the 
latter. Objects fixed in cDrroaive auhlimate should be 
imbedded and cut as soon as possible. Prolonged action 
of alcohol causes such objects to l>ecome brittle. Speci- 
es treated with corrosive sublimate stain weU, espe- 
ly in the carmines^ which may he used hefore the 
corrosive sublimate has been wholly removed, washing 
out in alcohol to complete dehydration. 

Many other killing and fixing agents might be added 
to those already given, but this book does not aim to be 
a cycloptedia of methods. Enough of the standard solu- 
tions have been given to enable tiie beginner to obtain a 
knowledge of the general method of procedure. Other 
fixing and Itardening agents are given in the following 
chapter and in the Appendix. The advanced worker 
must be referred to the extensive literature of this sub- 
ject which is scattered in the pages of many scientific 
journals and monographs. Zimmerraann's Botanical Mi- 
CToteeknique may be mentioned as a helpfid book. 



The general method of procedure with specimens that 
-have beeu killed, £xed, and hardened by any of the above 
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methods is as foUowe : They are transferred to absolute 
alcohol, cleared in chloroform, oil of cedar, xylol, or tur- 
pentine, and imljedded in paraffin ; or they may be im- 
bedded in ■celloidin. It is equally important in delicate 
woi't that no sudden transferals be made in these steps. 
If the specimens are to be imbedded in paraffin, place 
them with a small quantity of absolute alcohol in a test- 
tube and, by means of a pipette, introduce a clearing 
agent (chloroform, oil of cedar, xylol, or turpentine) very 
carefuUy into tJie bottom of the tube. Allow the tube to 
Btand undisturbed, and tlie specimens ■will settle into the 
clearing agent. Now decant the mixed fluitls and pour 
in some of the clearing agent undiluted. Let this stand 
until the objects are seen to be cleared, Then add thin 
shavings of paraffin until no more will dissolve. Place 
the specimens in this mixture on a water-hath and very 
gradually raise the temperature to 100° F., adding all the 
paraffin that will dissolve. Gradually poui" off this mix- 
ture of clearing agent and paraffin, and add paraffin until 
the objects are immersed in pure paraffin, raising the 
temperature very gradually to 120° or 125° F,, or the 
melting point of the paraffin, taking care that the tem- 
perabure does not rise higher than is absolutely necessary 
to melt the paraffin. Imbed in paraffin in the usual way. 
Cut the sections. The sections may be fised to the slide 
with Mayer's albumen or Schiillibaura's collodion fixative, 
or they may be treated in watch glasses. Remove the 
paraffin with chloroform, xylol, or turpentine. If the 
specimens were stained in the mass, mount at once in 
balsam. If the specimens were not stained in the mass, j 
treat with alcohols of gradually decreasing strength until J 
the alcoholic strength of the stain to be ustiii. \sae, Xv^^ixs, ■ 
reached. After staining, deVy<Vra.tei ^i'^ saw^^wi'*! Vcw**-" 
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Wet the inside of the l>ox with absolute alcohol, and pour 
in just enough thin celloidin to cover the top of the wood 
cylinder. Allow this to drj, and it will securely seal the 
bottom of the box and prevent bubbles of air from rising- 
through the wood. Arrange the objects in position in 
the box. and pour in enough 5 per cent collodion just to 
cover them. Allow to stand, protected by a bell-glass, 
until the object becomes slightly exposed. Then add 
enough 5 per cent collodion again just to cover the 
objecti Rej>eat as many times as may be necessary to 
have the object wholly covered as the collodion seta. 
Succe^ with this method depends on the addition of the 
collodion in small quantities. If large quantities are 
added at once, air babbles are almost isure to form. 
When the collodion haa well set, immerse the cylinders in 
82 per cent alcohol or in chloroform. In from one to 
three days the collodion will be well hardened- Strip 
off the paper, trim, the top of the block square, and, hold' 
ing the block in the jawa of ihS microtome, cut sections, 
keeping the collodion block and the knife wet with 82 
per cent alcohol. The sections may be secured to the 
elide by blowing ether vapor on them or by applying a 
very smsJl 'drop of ether and allowing it to evaporate. 
Clear in chloroform and mount in chloroform biilisam, if 
the specimens were stained in the mass^ Specimens that 
were not stained in the mass may be stained on the slide 
Or in watch glasses with Grenachex's borax-carmine or 
Mayer's cochineal. 

Celloidin and collodion sections may also be moimted 

in glycerine or glycerine-jelly. Transfer the sections 

as soob ai they arc cut to a mixture of alcohol and 

erine. Let the alcohol evaporate, transfer to pure 

trine, and mount. 
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Serial Sections, — It is frequently desirable to preserve 
a series of sections in the order in which they were taken 
from tlie object. Serial section cutting- is more fully dis- 
cussed in the next ctiapter. The processes there deseribed 
are applicable to botanical as well as to animal Bectiona, 
It is suffii'ient to state here that the sections are removed 
from the knife as fast as they are cut, or they are cut in 
chains or ribbons, arru.nged in a definite order, and fixed 
on a slide. 

Treezing Processefl. — Freezing processes are also dis- 
cussed in the next chapter. For the purpo&e of obtain- 
ing many sections quiokly for class study, these processes 
are valuable. It is alao ti'ue that for sections to be studied 
by the methods of investigating fresh tissues, these pro- 
cesses cause less change in cell-conteTits than other meth- 
ods of obtaining; sections of vegetable tissues- These 
processes are not, however, adapted to securing sections 
of delicate tissues in their best condition for permanent 
preservation. 
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Hardening. — Most animal tissues reijuire haideniug 
before tiiey can be cut ijito tliin sections. As a rule 
ordinary alcohol is the best iis well as the most con- 
veuient reagent to accomplish tltis- With delicate tis- 
sues, however, much care is req_uired, or they will be 
distorteil and contracted because of the sliruikage which 
results from the fact that the aleoliol removes the water 
from the tissue ffister than the alculiol can tiike its place. 
It is usunlly better to treat the specimens with one of the 
fixing agents niunticmed in th*; latter part of tliis chapter 
and in the Appendix, following thu dtt-ectinus given in 
those places. After washiug" out the flxing agent thor- 
ouglily, pass the specitiiena tlu'ough 50 per cent^ 60 per 
cent, 70 per caaU and 95 per cent alcohol. The time 
should he BhoTt in the lower grades, as there is danger 
of maceration if the object i» left too long; in tlitim. 

The specimen to bo hardened ahould be cut into small 
pieces. Persons not accustomed to the process ordinarily 
use pieces that are far too large, A pieue oue-third of an 
inch square and one-fourtli of an inch thick will give more 
seotinna tlian can be used, and it is only a waste of time 
and of alcohol to use larger pieces. The latter not only 
liardeu less quickly, but less uniformly. Using a piece of 
one of the softer tissues — a [liece of hver, for instance — 
of the above dimensions^ treat it with one of the fixing ^ 
agents, wash with water or alci^kol a-a \iv&i^i!ufc^ wsfis. "^ 
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of tbomnghoeas in ibe i^^ocesaes. Sucli casts should tb 
thrown hack into the melted paraffin for farther treatmeni ^ 
Cwta roa'le by the cidoroform metlio«l will sorely be s|joiio 
if the chXorolfj rm. liaa not been wholly expelled by heatlii 
on the vater-iath. When the details of this metbod ai:< 
carefully atten'Ied to, the results cannot be surpassed. ■■ 

Imbedding' in Celloidia. — The method of imbediliiig *l^^ 
mal iBpecimeiM iu ceUoidin is precisely the same as thai ^ 
detailed under botatiical ttectioos, and need not be repeated " 
here. Perfect dehydration before immersing the object ' 
in the solution of celloidin ia of the greatest important!*. 
The uelloiditi method gives very perfect results. 

Cutting SeetioM. — Tlie cork bearing the celloidin 
is held in the jaws of the microtome clam[j, and the snr- i 
face of the »tji6cimen and the knife are kept wet with 60'^ 
trj 70 per cent alcohol. * 

Tlie paraffin cast is held directiy in the jaws of the * 
Diiornt^ime, or is fa.stened to the roaghened suHace of a i 
cork by meaim of melted paraffin. It is an advantage of 4 
tliii* melhoJ that the sections may be cut dry. A section- 
nuoothcr Hhould I>e placed on the knife to prevent the 
aectionH curling. If there is a tendency to crumbling, i 
Bmeiir the surface of the specimen with collodion before 
each Mention J^ cut and let It dry a minute or two. 

Honntiag. — To mount a section from a celloidin cast, 
tmn«fur it to a glass slip, cover it with chloroform^ (Irain, 
and (jovfjr again with chloroform, add pure or chlorofc.rm 
bFiUam Ijcfore t!ie chloroform evaporates, and cover mth 
a v,c>V(:r'^\stnA. To mount a section from a paraffin cast, 
dry a uican alidu, pliice it on tlie turn-taljle^ and with a 
canid'H-liair brush apply to its centre a very thin coat of 
fi(fllii(linn ilxativo, trariKfer a section frnm the microtome 
Jtuifii to tlio centre of the alicle with a camcl's-hair brush, 
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and smooth it out by pressing gently on it wLtJi a |ii<n;e of 
smooth oiled paper. Place the slide in the oven of the 
water-bath, the temperature being maintained at about 
130° F., to evaporate the clove oil from the fixative. The 
section will then be lirmly secured to the centre of the 
glass slip. Remove the paiutliu from the section by pour- 
ing upon it a large drop of turpentine. In a few minutes 
drain off the turpentine and add a fresh drop. It may be 
necessary to repeat this operation, three or four times to 
remove all traces of the paraffin. Another way is to 
immerse the slip bearing the section in a Ixittle of tui-pen- 
tine for fifteen or twenty minutes. Wipe the shp free of 
turpentine and mount at once En Canada balsam. 

If it ia desired to mount in glycerine or glycerine- jelly, 
remove the turpentine by immersing the slip in two 
changes of 95 per cent alcohol, remove the alcohol by 
immersing in water, pour a large drop of glycerine on the 
object, drain tt off, and tlieu mount in glycerine or glyce- 
rine-jelly- 

Order of Procedure with Animal Tissues iP/ien the Object iJ to be Stained 
in toto mt4 cut ii Par»jjin- 



1, Harden in alcohol of gradually increasing; strength. 

2, a. Place in 70 per cent alcolitil. 
i. Stain ill Kleinenberg's h:i?iiiatoxylin. 
C Place in 70 per cent alcoLol, slightly iicicluluted with hjdro- 

diloric acid, if overalaiued ; otherwiBB omit this step. 
d. Waali thoroughly in 70 \\ct cent alcohol, ELiid dehydrate with 
05 pt-T CEint ;hhI o-lisolute Rlcohol. 

3, Soak in chloroform or tiiriKiiMiifl for 24 hnnra. 

4, Sflak fi>r 2J hours in chlproform or turi>entiiiQ containing all the 

paraffin thiit svill dinsolve. Then ^iiduallv h^aat luixtiire. 

5, Let stand in thin aolntion on the wnter-hath, lein[H:rature about J 
130^ F., for several houre. 
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6. Place in clear parEiffin on the water-ba,th at the same temperature 

for several hours. 

7. Imbed in paraffin. 

8. Cut sections dry. 

9. Fix on glass slip with collodion fixative. 

10. Place the glass slip iii the oven of the water-bath, temperature 

about 130'= F., until the clove oil is evaporated from the fixative. 

11. Remove paraffin with turpentine. 

12. Mount in Canada balsam. Or remove the turpentine with alco- 

hol, place in water, then in glycerine, and mount in glycerine or 
glycerine-jelly. 

In place of number 2 may be substituted Grenacher's 
haeraatoxylin or any of the carmine stains, observing the 
precautions as to treatment before and after staining. 

Order of Procedure icitk Animal Tissues to be cut in Paraffin and stained 
after they are cut. 

1. Harden in alcohol of gradually increasing strength. 

2. Clear by soaking in chloroform or turpentine 24 hours. 

3. Place for 24 hours in chloroform or turpentine containing all the 

paraffin that will dissolve. 

4. Place for several hours in melted paraffin on the water-bath, tem- 

perature about 130° F. 

5. Imbed in paraffiu. 

6. Cut sections dry. 

7. Fix sections on glass slip with albumen or collodion fixative. 

8. Place slip in the oven of the water-bath, temperature about 

130° F., to evaporate the clove oil from the fixative. 

9. Immerse the glass slip bearing the section in a bottle of turpen- 

tine for 15 or 20 minutes. 

10. Eemove the turpentine from the section by immersing the slip in 

two different bottles of 9-') per cent alcohol. 

11. o. Cover the specimen with 70 per cent alcohol. 

J. Immerse the slip in a bottle of Kleiiienberg's hrematoxylin, 
or put a drop of the stain on the specimen, letting it remain 
until the section is sufficiently colored. 
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e. Immerse in 70 per cent alcuhQl, slightly acidulated with hydro- 
chloric a,cidt if overstaiiieii \ otherwise omit. 
d. Dehydrate in 70 per cent, 95 per ciiLit, and a^bsolut^ alcohol. 
12. Remove the alenltol witli lieiwole or turpentine (do not iiae oil of 
doves, as it -will dissolve the eoUodioti fixative), and moimt in 
Canada balsam. Or, omitting the dehydration in jJumK'r 11, 
place in water, then in glycerine, aud mount in glycerine or 
glyceriDC-jeily. 

Order of Procedure with Animal Tissues to he slaintd in. toto and thin 
imiiEililed in CsUoidin, 

1, Harden in alcohol of gradually increasing strengtli. 

2, Stain in hseiaatoKylia or carminB, with the proper ttea.tuieat 

before and after staining. 

3, Dehydrate in Uft [ler ceut and atsolate alcohol, 
i. Soak ij) ulcohol and ether, equal paits, for 24 honra. 

5. Soak in thin eelloidiu for 24 hours, 

6. Soak ill thick eelloidiu for 24 houra. 

7. Imbed in thick celloidln on a cork in the manner already de- 

Bcrihed- 

S. Immerse in 82 per cent alcoho'l for 24 to 48 honra. 

9. Cut sections, keeping the knife iind specimen wet with 60 to 
70 per cent alcohol. Keep the knife oblique. 
10. Place a Keetion on the centre of a giaaa slip and cover it with 95 
per cent alcohol. Immediately drain ofE the alcohol and cover 
with chloroform. Repeat until the section is clear. Or clear 
iii cai'Vjolic acid dissolved in turpentine. Thoroaj^h clearing ia 
Teiy importaut. Mount in faalaam. 



Order of Procedure toith Anijnal Tissueg to ie mlxdded in Celloidin, the 
A'dcfi'ons to be ataintd fl/ler cutting and ^xed in Position on ike Gliiss 

SUj>. 

1. Harden, in alcohol of gradually increasing atrengtb to perfect 

dehydration in abflolute alco^hol. 

2. Soak in alcohol and ether, equal parts, for 94 hours. 

3. Soak ill thin celloidln for 24 hours. 

4. SoQ.k in thick eelloidiu for 24 Lours. 
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5. Itnbed in celloidin. 

6. Imin«rse in 82 per cent alcohol for 24 to 48 hours. 

7. Cut sections, keeping the knife and specimen wet with 50 to 70 

per cent alcohol. Keep' the kaiie oblique. 
9. Stain in hematoxylin or carmine. 
0. Place in 95 per ceat alcohol not more than 30 seconds. 

10. Place on the centre of a glass slip, and fix in position by placing 

on the Hection just enough of a thin solution of bleached shellao 
in alcohol to cover it. 

11. Place in the oven of a water-bath, temperature about 130*^ F., to 

evaporate the alcohol. 

12. Clear in chloroform and mount in Canada balsam. 

Freezing Processes. — The freezing processea of section 
cutting afTord lueans of obtaining sections in abundance 
at the expense of very little labor and time. For sim- 
jjlicity of operation and for the quickness of the processes, 
the freezing microtomes have much to commend them. 
It 1h not possible, however, to secure very perfect sections 
of the more delicate tissues by these processes, on account 
of the distfjrting effects of the freezing and thawing. The 
iJrocesHtjs are best adapted to cutting sections of fresh 
tlMKUes, l)oth animal and vegetable, for class use, when 
tlic utmost delicacy is not important. They are ahnost 
iiidiHjMinsaWe in laboratories where sections for study 
iiniMt lie furnished to large classes. These processes are 
also wiill adapted for use by physicians who desire to 
tiiiikf; nijiid exiiiniiiations of fresh tissues. The freezing 
ii:iiy 1k( iif.c()in])lislicd by means of a spray of ether or 
r)ii_i;nl(iiic, or by nieans of carbonic acid gas. For the 
list' of fllu'r or iliiyolcne an apparatus similar to that 
slinwii ill I'ig. 44 iiiiiv be employed in connection with 
till' iiiirrotunu' slunvn in Fig. 27, though it may be 
;n};i/>tfi} li> almosl unv form of microtome. The micro- 
foriir kiitiwii ;ts ihv (\ithcait h'ee'a.\\^ TO\«oWtaft \s ^tKa^h. 
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used, as is also JuDg's microtome. The operation is yerj 
Bimple* The cylinder, A, la attached to the microtom 
ju place of the microtome clamp and can be raised by th 
micrometer screw. The object, which should be fresh, or 
if alcoholic, should be thoroughly freed from alcoliol b 
washing in water, is soaked in thick mucilage and placet 
an the top of the cylinder, A, with a little mucilage 
Ether or rhigolene is contained in the jar, B- By work- 
ing the hand-lmlb, C, the ether or rhigolene spray is foreet 
tlirough the nozzle at the bottom of the cylinder, A, and ii 
sprayed upon the under surface of the top plate of A. Th 
abject is frozen in a very short time, and is ready for cut 
ting. If the object shows signs of thawing before sufflcien' 
sectioua are cut^ the bulb^ C, is pressed a few times. 




Fig. in. 



The apparatus for freezing with carbojiic acid gas 
shown in Fig. 45. A is a cyliudei- containing carboni* 
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acid gas under preasure. B is the microtome sTiown in 
Fig. 27, fitted with, a cylinder containing a spraying 
nozzle. The object, previously treated with mucilage, 
is placed on the top plate of the cylinder. The carbonic 
acid gas is allowed to flow, and the object is quickly 
frozen hard. 

In cutting with freezing microtomeB the knife should 
not be moistened in any way. The thawing of the muci- 
lage provides all the moisture necessary. The sections are 
freed from mucilage by soaking in water, and are mounted 
in some indifferent medium for temporary examination, or 
more permanently in glycerine or glyeerine-jelly. Or they 
are passed through the alcohols of gradually increasing 
strength until the alcoholic strength of the stain to he 
used (see Appendix for treatment before and after each 
stain) has been reached, are stained, washed, dehydrateid, 
cleared, and mount-ed ui bals,am. 

Delicate Animal TisBQea. — The directions and cautions 
given in the preceding chapter to avoid shrinkage in plant 
specimens might be repeated ^ith emphasis for animal 
tissues, especially in the case of the more delicate struc- 
tures^ The processes described in this chapter up to this 
point are not sufficjientlj delicate for the finest work. 
Here, as in the case of delicate plant tissues, much care 
must be exercised in killing, fixing, and hardening the 
cell-contents, in avoiding the shrinkage due to the trans- 
feral from one grade of alcohol to another of widely dif- 
fering strength, in passing abruptly from alcohol to other 
media, or to sudden changes of temperature in the imbed- 
ding processes. The methods already detailed in the 
preceding chapter for killing and fixing the cell-contents 
are equally applicable for use with animal tissues ; the 
methodti detailed in this chapter for fixing and hardening 
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which are perhaps the Cambridge rocking microtome and 
Minot's automatic microtome. Chains of sectionH may, 
however, be cut with any good sliding microtome. No 
special irabeddiixg masses are necessary, but it is essential 
that the melting-point of the paraffin used bear a correct 



^» 
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relation to the temperature of the room in which the sec- 
tions are cut. The paraffin should be just soft enough so 
|t the edg-ea of the sections will stick together as they 
tout. Experience will determine tlie right melting- 
for the conditions under wMeh the sections are cut. 
-km/e 13 kept well smearfid vjHU oil, the edges of the 
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water, and complete the hardening by passing tbroug-b 
the higher alcohcls, begLnniug with 70 per cent. Haenia- 
toxylin is to be preferred for staining in mass; aniline 
stains for seetiona. The difficulty of staining ohjects 
that have been treated with chromic acid solutions in- 
creases with the time which elapses after the ohjects are 
removed from the chromic acid solution. Such objects 
should therefore he stained as soon as possible. 

Other killing agents are hot water (150° to 195*" F.>, 
chloroform used as a vapor or added in suGoessive small 
q^uantities to the surface of the water in which the ani- 
mals are immersed, and nicotine, which may be used in 
-^ per cent solution or may be blown into the water as 
tobacco smoke. As soon as the animals are anesthetized, 
a large volume of some fixitig »gent should be poured 
upon tliem. 

Fixing and Hardening. — Small animals killed by the 
processes just enumerated, organs and tissues of larger 
animals, embryos, and similar objects, must have their 
cell-contents fixed as nearly as possible in their natural 
condition immediately after death. A multitude of fixing 
solutions are in use by different workers. Some are of 
general application ; others are adapted only to special 
cases. A few only of those reoommended for general 
use by competent authorities will be mentioned here. 

Oorrogive Bublm-ate, used as already described uniler 
" Killing," may bo employed. After washing out the 
cotrosive sublimate, place in alcohol of the same strength 
as the stain to be employed, stain, wash out escess of 
stain, and complete the dehydration. 

Flemming's chromo-aceto-osmio flaid is highly recom- 
mended for fixing. The fliud consists of 25 volumes of 
1 per cent chromic acid, 10 volumes of 1 per cent ac6tic 
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acid, 10 volumes of 1 per cent osmic acid, and 55 volumes 
of water. Lee, in his Microtomist'e Vade-mecum, recom- 
mends the following as the classicul method practised by 
the moat advanced workers : Fix in Flemming'a fluid 
from half an hour up to one or two days, wash in water, 
pass through alcoliols begijining with 70 per cent, clear 
in oil of cedar, imbed in paraffin, cut sections, fix to slide, 
in series if desired, with Mayer's albumen fixative, remove 
paraffin, stain with safranin or double stain with gentian 
violet and eosin, and mount in balsam. If preferred, the 
object may be stained in the mass with hLematoxylLu. 

Picro-sulphuric add possesses many good qualities 
as a Using ageut. It should not be used for killing, as 
small animals die in it iu a contracted condition. Animals 
and tissues that have been killed by some other means 
may be treated with it in the manner already described in 
the preceding chapter for its use with vegetable specimens. 
This fluid is not to be used when one wishes to preserve 
Cftlcai^ous portions of objecta, as it decalcifies. 

Zmksr^s fluid is also highly recommended. The for- 
mula is; Corrosive sublimate, 5 grammes; potassium 
dicliromate, 2.6 grammes ; sodium sulphate, 1 gramme ; 
water, 100 c.c. When ready to use the fluid, add 5 c.c, 
of acetic acid, A large volume of the fluid shoxdd be 
used, and the objects should remain in it from twenty- 
four to forty-eight hours, acordiag to thoir character and 
size. Wash them thoroughly for several hours in water, 
then for several hours in three or four changes of 50 per 
cent alcohoh then continue the washing in the higher 
alcohols, adding a very little tincture of iodine when the 
90 per cent alcohol ia reached. In this the specimens 
'ihould remain from one to two weeks. Thorough wash' 
fg is then continued to perfect dehydration in absolute 
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alcohol, specimens that have boon fixed in Zenker's 
fluid allow of the use of a considerable variety of staiuiag 
fluids. 

The foregoing fixing and hardening fluids are sufficient 

to illustrate to the beginner the general processes that it 
is necessary to follow in order to aecure the best results. 
Other fixing and hardening fluids are given in the Appen- 
dix ; but the advanced worker must be referred to special 
works for the proceBses that have been found successful 
in particular cases. The literature on this subject is very 
extensive, Lee's MierotomisV a Vade-mecum, Whitman's 
Methods in Microaeopical Anatomy and Smhryology^ the 
Journal of the Royal Microscopical Society^ and numerous 
other scientific journals and monographs may be men- 
tioned as the sources upon which the specialist must draw 
for suggestions in his work. Each worker, aided by all 
he can find in the writings of others, naturally develops 
methods of his own ag he acquires ejcperieiiee. 

Whatever fixing and hardening fluids have been em- 
ployed, the objects should not he allowed to remain in 
them too long, as there are very few fluids that do not 
produce deleterious effeeta if their action la prolonged. 
It is almost invariably best to use the solutions simply to 
fix the cell-contents and begin the hardening, and to com- 
plete the hardening and dehydration in the higher grades 
of alcoliol. If the objects are to be stained in the mass, 
the staining should be done as soon as the hardening pro- 
cess has been carried as far as the alcohol that corresponds 
m strength with the alcoholic strength of the stain to bo 
used, and the hardening and dehydration should be fin- 
febed after the staining. It is a cardinal principle that 
specimens should not be passed into the higher alcohols 
and then into alcohols of lower strength to prepare them 
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placing the cover-glass with the drop of solution on it in 
a damp, cool cellar, until the ciystals are formed ; sugar isj 
an example of such substances. Crystallization may also) 
be retarded by adding to the solution gelatine in vatying] 
quantities. A few strips of gelatine are placed in a test-l 
tube with a considerable volume of water and, after soak- 
ing some minutes, are dissolved, by the application of heat. 
A little of this solution is poured into another test-tube or 
into a wateh glass, and the chemical under treatment tsl 
dissolyed in it. The crystallization is allowed to take 
place at the ordinary temperature of the room. Many of 
the common chemical salts give excellent results when; 
treated by this method. 

Some solutions need to be evaporated by the applicatiou- 
of artificial heat or by expo&ui'e to the direct rays of th 
sun. Potassium chlorate, potassium chromate, potassium 
dichromate, potassium oxalate, potassium permanganate, 
potassium iodide, sodium chloride, cobalt chloride, ammo- 
nium nitrate, copper nitrate, oxalic acid, cadmium sulphate, 
ii'on sulphate, barium chloride, nickel nitrate, and many 
other common cheraical salts may be dissolved in water 
and treated by this method. ■ 

In other cases no solution is made, but a small amount 
of the solid substance is placed on a cover-glass and held 
a few inches above a flame until it melts. The coveivglass ■ 
is then withdrawn from over the flame and, upon cooling, 
the substance re crystallized in its own water of crystallisa- 
tion. Saliein, santonin, and beazoic acid are substances 
Thich ifive especially fine results by this method. 
For temporary examination a solution of the chemical 
t is iH^Ae by one of the methods described, and a few 
Dg pl»ced. Oil a glass slip previously somewhat warmed. 
sfr'r? i** pieced on the aiicroacope stage, slightly inclined 
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and the crystallizatiori watcbed with a low power, — two 

inch, one inch, or three-fotirths inch objective, — uuderpolar- 
iaeJ light- If ciystaUization does not hegin witliin a. few 
minutes, the slip is again slightly warmecl. A cover-glass 
should not he placed over the crystals in tliis examination. 

Interesting and instructive ciystala are also formed 
by filling shallow cells, made by cementing rings to glass 
slips, as described ia Chapter VI., with a saturated solution 
of the chemical under examination and setting aside, pro- 
tected from the dust, until the crystals are formed. A 
thi'ead laid diametrically across the cell, just touching the 
liquid, will often cause the crystallization to stai't along 
this diameter and so be in a convenient part of the cell 
for observation. The crystals formed in a considei-able 
qnfintLty of liquid are much more characteristic of the 
substance than the tabular crystals, which result when a 
thin layer of liquid crystallizes on a flat surface. For 
this reasop no study of the crystallization of a aubatauce 
is complete until an ejcamination has been made of the 
crystals formed in the "mother liquor/* The crystals 
may he permanently preserved in these cells. After the 
crystals have been formed, fill the cell even full of the 
saturated solution of the substance used, place the slip on 
the turn-table, and run a fresh ring of shellac cement 
on the outer edge of the cell, breathe on a cover-ghias, 
place it over the cell, press it gently down, and see that 
tiiere are no air bubbles. When dry» flnish as already 
described for cell mounts. Slides thus prepared should be 
bandied carefully, to prevent displacement of the ciystaU 
by sudden jars. 

For permanent mounting it ia better, as a rule, to fonaj 
le crystals on the cover-glass rather than on the slip. A 
cover-glass is cleaned, slightly warmed, a drop of the solu* 
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tion of the chemical in water, gelatine-water, alcotol, 
ether, chloroform, or other solvent, is placed on the centre, 
and the crystals are allowed to form. It is not to be ex- 
pected that every trial will give results worthy of preser- 
vation, but a little patience will meet with sure reward. 
The crystals may be mounted in various ways- Carpenter 
recommends ciistor oil as the best preservative. Balsam 
mounting is much easier, and ia most excellent for those 
substances that will stand the balsam without dissolving-. 
The following substances, crystallised bj this method, are 
permanent in pure balsam: potnsisium chlomte, potassium 
fcrrocyauide, potassium ferrieyaiiide, potassium oxalate, 
potassium chromate, potassium dichitimate, copper sul- 
phate, iron sulphate, tarta,ric acid, ammonium oxalate, 
boras, aalicin, cane sugar, and douhtleas ninny others. 

In mounting, a drop of pma Canad;i bidsam is placed on 
the centre of a glass slip, the cover-glass on which the 
crystals have formed is inverted over it, centred, and gen- 
tly pressed down, care being taken to disturb the ciystala 
as little as possible. The baUam must be allowed to 
harden at the ordinary temperature. 

A method applicable with a few suhstances, and giving 

moat beautiful results, is to place a small drop of balsam 

on a slide, heat until the volatile matters are driven off, 

then add a little of the solid chemical, and heat agaiji until 

solution of the ehemiual in the biilsam is effected, put on 

a warm cover-glass projierly centred* and set it aside to 

cooL This method possesses the advantage of effecting 

the mounting with a minimum of trouble, and the added 

advantage that the slide may, immediately upon cooling, 

•Bed fi-ora the superflnous IjaL^am and receive the fin- 

g ringM of cement. Snlphoaal and salicin give excel- 

•esulbi by this method. 
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Most chemical crystals may be preserved in dry mounts. 
A shallow cell lb necessary, best formed of sliullac cement, 
though paraflin cells are popular for this purpose. It ia 
best to havo on hand a quantity of celb r«ady prepared, 
of vnrious depths, nud to use in each case one that is 
but little deeper than the thickness of the crystals t-o be 
mounted. Cry-stals of deliquescent aud efflorescent sub- 
stances, if mounted dry, must be mounted and thoroughly 
sealed imniedi«,tely after they are formed and before the 
air has had time to aet upon them. 

In the examination of crystals polarized light sbould be 
employed. Even crystals belonging to the cubical system 
are brought out more clearly in some positions of the 
Nicols than they are in ordinary Light. These crystals do 
not polarize, of course, unless^ as sometimes happens, the 
film is subjected to a strain while the crystals are forming. 
Crystals of other systems polarize with endless variety of 
colors. The selenite plate accompanying the polarizing 
apparatus, or in lack of this a selected film of mica, placed 
on the stage under the slide, gives a colored field which 
aids in bringing out the forms and coloi'S for crystals which 
do not happen to be of the right thickness to polarize well 
of themselves ; but tlie use of the selenite detracts rather 
than adds to the interest of other crystals which are of 
suitable form and thickness to give brilliantly beautiful 
colors without adventitious aid. In the couree of the 
examination, the rotating Nicol should, of course, be turned 
to obtain different color effects, -and to enable the observer 
to watch the change of each color to its complementaTy. 

It is hardly necessary to give an extended list of chemi- 
cal substances from which crystals may be formed. Many 
nitrates, some sulphates, moat chlorates, oxalates, citca.t&*., 
and tartrates form poianzing c.Tysta.\i. 
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WiTHiH" recent years the study of the raicrosoopio 
structure of rocks baa come to be recogiiizetl as an impor- 
tant feature of gtulogiciil hivt-stigittioii. Thu mici'osuojie 
lielpa in thu dettiiTuiiiiitiou uf the suundiieea and of the 
purifcj' or impuj'ity of iniimrals, aud aids in deciding upon 
the iijiture and uharacter of the im[iiii"ities. Bcforu the 
iipplicaticm of the micrtiscope to rock suctions, cliemical 
analysis was the ouly means of determining the composi- 
tion of rooks. la many instances whcrt; chemical analysis 
fails, the nucroseope decides with certainty on the iniiieral 
composition ; and in the case of certain minemls, nearly 
all that we know of their origin has been learned from ttie 
microscopical study of their sections. It is true that the 
microscope cannot settle all questions, but it has already 
largely supers.eded chemical analysis where the end in 
view is simply the ilctBrniination of the mineral ingredi- 
ents; and in most cases where a quantitative doteruiinatiuii 
of the minerals is to be made by chemical proceasest the 
microscope lends important aid. in making the prcliminufy 
qualitative determination. Tlie value of the microscopical 
study of rocks ia being more and more recognized. 

The practical use of the microscope for these purposoa 
involves a vast amount of study — study of great ijilemst, 
and which, on account of the newness of this line of re- 
search, oEfere peculiar attractions, It la not the presumrj- 
tion of this chapter to give an exhaustive treatmfi 
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).M.'tti,tlo^_V, but tu hiUite niiiij)lf methods for the preparation 
oi tiiiii tooi'tii'Ub (.ti J't-nkb iuT microst'Opioal study, with a 
ff w Llulu ttt tbt luetliiidK of studj-ing these sections. 

Sj-mitittlieiUs huve dfvistid ejtefial apparatus for the prepa- 
niliini (Uid fxaiuiiiiitiuu of ruit sections, which is quite 
mil iif the rcai-h of most piival*- ■workers on aecotmt of 
iJlic tjij-tfiihc involved. A giv-ai df.H] may be done with 
the Ksual iiuc'i'osi.-.oj.iii.ail ouilit. Many sections of rocks 
yield \fn' itiWitistiug results when examined by ordinary 
lig;hi ; iiv \ht exuiuiutttioii of most nvks polarized light is, 
Wmrvw. fswemiiil. A revolving stagt" gives an additional 
iuii»LU» for their study. A pl.ii.e of SrJriiiie or mica gives 
« v^v'lvyvd iW-i vvhivK ii: luAiiy i-Ases- i^ a hirl-p in bringing 
»,»'.;: lihr ^ialJ•»^.■^<■ris'.i■. fc-ivaiws of ininrrils. This outfit at 
*ij*',wLm'.u* if »ZI \har. :». :\'jillv Utws^isr^" ::r s lir^f amount 
vi wvJ* -:: '.H> ^"iie^^f*.!;!^ I.iz;t ci ::d,rv<50^vi:-.«l investi- 
);>',./,ti. 

I* '.o: ha» '.if^ "1* v: 1 litL-?. >l::es ,:" rxis- 3ay be 
MWi'i. Vv :;j:*.'-;> .:' t *.;— -u I->i ■-■: ■>.:: or c-.";:r^r cbatwed 
»:: .-'.» i-i^i*: x;'.i: ■i.t.v.i.L-i ii^;. i:i-i ;h':■^^: ;Ii.t* zny then 
U ijrv.„vi. 'i.',xrr. ■.?: -rK^^ry v/Lr-ls. This zi';:c>,hx oi wx>rk- 

V-.ry ^rtiiAn mttniiii 'ii.'Jii.-t; vyr maoh ui:ere*crng and 
ir»*r.r'u;f.r<': •*'<!•«. i/i '^riniiin^ rouii stfL'tiou:?^ All that is 
ri(;t:'t(:>i. i:s a »rfiijiil.ii [/»:':■: '.■! ir'jii — nn oi'i >cove cover or a 
[,!(;•;>: 'il >ftnjiji.li ^llt:•;^: ifjii '.vill 'ii' — soitic '.•iJiU'stf tfmery, 
SI'. S'l. 1 li'J. 'ji- ': /':ii ':ij;i:'S*:r T'jr :ini:iy :-"i.ks, -^01110 dour 

'jl ':nil:l-''. Ijlt..; 'A 'VUnlu'V '.^lilSS. illd <OIIli.' l,";Ulili.i.il Oillsam. 
\'ir I f],i:>:iiu>:ii l<i ^t.-'^ili '.villi. ^r:i:iil.t.' "s ^I'OU. Select 
-t, ■^i-.inib: i.inii. ;:» 'irrn iiiil ■^uitinl. W.iii .1 •i.uimier chip 
'jlf I |jii:':i: ilmul, !i;iil' .lit iihjii -iniuiro ;tii*i .is .iiLli ;VS pos- 
jihii;. I'liii;t: .1 liLLii; >,{ -.hv ..'i;u-sc •.■Hui) -'U litv n'H [iliite. 
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together with ii little wtiter. Ilukling tlie Bpceimen firmly 
with Lhe fiiigtii's, griud oue side flat. Wash, off the coarse 
emeiy, and continue the grinding' with flour of emerj in 
wiiter oil a plate of window glass vmtil tlie HOi-face is quite 
aiiiootli. Wiish thiy speoimen agiiin and dry it. Nowplacu 
a few dropa of Canadii balaani on a piece of window g-lasa 
about an inch square, and heat to drive off the volatile 
portions of the balsam, A spring clothus-pin malcc)* an 
exuelleut holder for this operation. The balsu.ni, after 
cooling, should be quite hard and firm, but not brittle. 
Ca.tii should he taken not to let the balsam take fire. 
Place the specimen, s.inooth side down, in the warm bal- 
sam, and press down upon it gently until the balsam has 
o(K)lud, seeing that no air bubbles are enclosed between 
tilt! specimcjn nnd the piece of glass. When the balsam is 
Cold, the specimen will be firmly cemented to the glass. 
rUsing the glass as a holder, continue to grind until the 
'spenimen is reduced in thickness to such a degree that 
light is readily transmitted through it. 

The specimen should be examined at intervals under 
the niicroseopa to watch the progress of the work. Wash 
it free of tiie emery, place a drop of water on it, and cover 
with a cover-glass. As the specimen l)ecomea thin, care 
should be taken that the balsam is not wora away up to 
its edg^e. If this luipjiuns, the specimen may be rapidly 
broken away. The remedy is to clean and dry the speci- 
men, p]ac(5 a little fre«h balsam on it, drivo oft' tlie volatile 
matter, and let the bulsam siib around thu S[iec':i!neu again. 
The latter portion of the ^frinding should be done in the 
flour of emery on a plate of glass, as before. 

When the apecimen has been reduced to the desired 
degree of thinnes.s, place on it a larffc drop of Canada 
balsam, and heat until the object is released from the ^if 
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of glass. Then with a needle carefully slide the specimen 
into a watch giass of alcohol, and let it remain until the 
balaam and contained dirt have been removed from it, 
draining off the alcohol and adding a frijsh portion once 
or twice, if neceesaiy. The apecimeu may now be lifted 
hy means of a camel's-hair brush, and placed on the centre 
of a luicroscope slide, dried carefully in gentle heat, and 
mounted in Canada halsam. 

Veiy brittle specimens are liable to be bj-oken in the 
process of removal from the glass holder to the alcohol. 
This may in a measure be guarded against by placing a 
cover-glass over the specimen after the fresh balsam has 
been added. Heat and I'emove specimen and cover-glass 
together to the alcohol. The cover-glass will also serve 
to support the specimen in removing it from the alcohol to 
the slide. See that the section is on the centre of the 
eover-glaas, remove, drain, and dry. Have ready a slide 
with a di'op of balsam on its centre, invei't the cover-glass 
and specimen over the balsam, and centre. In the case of 
excessively brittle specimens, it is best to omit the wash- 
ing in alcohol. Remove the specimen, supported by a 
eover-glasa, directly to a glass slip on which a drop of 
halsam has been previously placed. 

The amount of material available for the microscopical 
study of rocks is unlimited. The dark rocka are, in gen- 
eral, BO opaque that thej must be ground to extreme thin- 
ness unless the sections are to be examined by reflected 
light; but any of the lighter colored stones yield good 
results. A cabinet of minerals affords numerous speci- 
Tiens for inatiuctive study. Fossils often yield most beau- 
ul specimens. Silicified wood, for instance, though very 
vj and regniring much patience in grinding, amply com- 
ates for the Jnbor by reveaUng t\ie mnute ■^V&'iA ateMct- 
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ure a& plainly as a piecB of a growing tree. Pieces of 
Bilieified wood are sometimes fouad which, by a blow from 
a hammer, cleave into thin films, ready to mount for the 
microscope. The study of the microscopic structure of 
fossil plants, though until recently hut little attention 
was paid to it, is now recognized as a valuable adjunct to 
the study of growing plants. Indeed, it is only by the 
study of fossil specimens that the liiatoiical development 
of modern plants can be iuva&tigated. 

AIL rocks of crystaHine structure afford much interestr 
ing material. When a section of such a rock la viewed by 
means of polarized light, the variegated coloring ig very 
beautiful. As the analyzer is turned, each color changes 
to its complementary. The labor bestowed in grinding 
rock sections is amply repaid if no further object is sought 
than, to obtain beautiful and interesting objects for a 
cabinet. 

In the study of the sections of a crystal in a rock sec- 
tion» it is to be remembered that the foim of the section 
■will depend upon the direction in which the section waa 
cut. A cubical crystal might, for instance, give any of 
the following shapes: an equilateral, an isosceles, or a 
Bcalene triangle, a square, an irregular quadrilateral, or 
a parallelogram. The same rock section will often give 
several different sections of crystals o£ the same mineral. 
At the most, the study of a small number of sections of 
the same rock will usually give quite a definite idea of the 
shapes of the crystals that it contains. In some cases, 
however, the crystals are much changed in shape by com- 
pression in the rock mass* so that the study of the crystal- 
line structure ia made complicated. 

If the revolving stage of the microaco^ie \«Si "a. "i^aSiaa 
ated edge, and the tube oi t^^ vnatTvaxvsft.v ^aa«. iei^'««^ 
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screws, 80 tliat its axis may be inacle to pass accurately 
tlu'ough. the centre of the stage, the angles of the crystals 
may be iiteiisui-ed. An eye-piece with crossed hairs is 
used. The |juint of interwettion of the Jiuinj is made to 
coincide with the vertex of the aitgle to be measui"ed, 
and one uf the hairs is iiisule to ciwiH;ide with one side of 
the angle. The stage is then revolved xuitil thuaanic hair 
coincides with the other side of the angle, and the number 
of degrees through which it bus been turned is read from 
the gnuliiatiMl edge of tlic stage. The measurement of 
the ajigles affords valuable muaus for the identification of 
cry,stals. 

The presence or absence of cleavage is another means 
of identifying minerals. The cleavage lines come out 
■very plainly under the microscope, even when they cannot 
be made out in the msLSsive structure with the iniaided 
eye. The angle formed between the cleavage planes 
determines at onae several different minerals. It is to he 
remembered that tlie direction in whiuh the section ia cut 
relatively to the face of the ciystal modifiea the size of the 
angle, so that it is important to determine in what direc- 
tion the section is made with reference to the face of the 
crystal before relying upon the angle to decide what the 
mineral is. 

In studying sections of crystals under the microscope, 
the lack of purity is very noticeable. Minerals which to 
the unaided eye seem to be perfectly pure are often found 
to contain lai^e amounts of other substances, either crys- 

Uine or amoqihous. Crystals enclosed witliin crystals 

veiy C(miuion; these crystals are sometimes large 

iig-h to be determined ; soraetiraea so small that identi- 

iojj is ijiipossi!)le. Cavities are also fi'equently found 

f contain a small bubble o£ waUic^or of liq^uid cai'- 
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bonic acid, or a small cube of common salt, which has 
ciystallizfid from the supersaturated salt water that was 
enclosed in tlie rock at the time of its forma tion. 

As w« liavt seen in Chapter III., polarized light fur- 
nishes the means for determining whether a substance ia 
singly refractive or doubly refractive. If some portiojja' 
of a I'ock section, viewed in polarized light, do not restore 
the light when the Nicols are crossed, and do not give 
color effects when the analyzer is turned, or when the 
stage is rotatedj it is at once known that they are singly 
refractive or isotropic. If, under these conditions, the light 
is restored or color effects are produced, tliese portions of 
tlie section nve doubly refractive or anisotropic. 

The singly refractive portions of tlie section are either 
amor|)hous, or are crystals of the isometric system, or are 
sections of crystals of other systems cut perpendicularly to 
an optic axis. Amorphous substances are readily distin- 
guished from crystalline suhytances, from the fact that the 
latter almost invariably show either a definite polygonal 
outline or cleavage lines. Isometric crystals may be dis- 
tinguished fi'om crystals of other systems cut perpen- 
dicularly to an optic axis by means of convergent polarized 
light. To obtain the convergent polarized light, petro- 
graphical microscopes are provided with a convex lens, to 
be mounted just above the polarizer^ or with some other 
means of converging the light. If a secition of an ianmetric 
crystal, cut in any direction, is viewed in this light, nothing 
more is noticed than when ordinaiy light or parallel polar- 
ized light is used. Sections of crystals belonging to the 
tetragonal and hexagonal systems cut perpendicularly to 
the vertical axis, which, as we have seen, act like isonietrio 
cryHtals in pariillnd poliirizeil light, when viewed in. conver- 
gent polarized light, show vmg^i ol ■^tVamaJC'tvi *i.»^'sc^ •»» 
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a distinct black cross when the Nicols ara crossed. This 
cross remains stationary when the crystal ie revolved. It 
is chiinged to a white cross as the analyzer is revolvedv 
wliile at the same time the color* of the rings change ti> 
their comp]eraentaries. TJiese basal sections of Uesagonal 
and tetragonal crystals are further distinguished by thii 
outline of the section, which is a polygon of some multiple 
of three sides for the hexagonal crystals, and of four or 
eight sides for tetrngonal crystals, There is but o&e direc- 
tion in hexagonal and tetragonal crystals, viz, that parallel 
with the vertical axis, along which parallel polarized light 
can pass without raodiftcation, and it is only when con- 
vergent polarised light passes in this direction that the 
ring-B of prismatic colors and the black cross result. 
Parallel polarized light passing in any other direction 
through ciystals of these systems is again polarized. The 
field is dark when the vertical axis of the crystal corre- 
sponds to the planes of vibration of either Nicol, light in 
other positions of the crystal, the Nicols being crossed. 
Color effects are produced as the crystal is rotated or the 
analyzer turned. These crysitals are uniaxial. 

In the case of crystals of the orthorhombic, monochnic, 
and triclinic systems, there are two directions in which 
parallel polarized light passes unmodified. Tn all other 
directions it is doubly refracted. These crystals are 
biaxial. A section perpendicular to either of the optic 
axes behaves like an isotropic substance in parallel polar- 
ized light. Tn convergent polarized light, more or less 
lelliptjcal rings of prismatic colors are seen; but instead 
•f a black cross, as in basal sections of crystals of the 
'tragonal and hexagonal sj-stems, when the Nicols are' 
•ssed, a single bar of black will be seen. A further 
'Jnguishing characterigtic ia the iact that when the 
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crystal ia revolved tbe black bar revolvea in the oppoaite 
direction. 

If a section of a biaxial crystal, cut perpendicularly to 
the line wliicli LLsecte the acute angle formed by tlie optic 
axes, is viewed in convergent polarized light with the 
Nicols crossed, a series of elliptical rings of prismatic 
colors with two black hyperbolas will be observed in one 
position of the crystal. If the crystal is rotated, the 
hyperbolas give place to a black cross with unsymmetricai 
anus. If the analyzer is turned, the black hyperbolas 
change to white, and the prismatic colors to their coin- 
piemen taries. 

Any section of an orthorhombic crystal, placed so that 
any one of the three crystallographic axes ia parallel with 
the planea of vibration of the light, ia dark between 
crossed Nicols. Some sections of monoclinic crjsttils are 
dark between crossed Nicols when a eryatallogiaphic axis 
is parallel with the planes of vibration of the light, while 
others restore the light. In the latter case, if the section 
is revolved through a certain number of degrees, difEering 
in different crystals, the field becomes dark. Sections of 
triclinic crystals are never dark between crossed NicoLs 
wben a crystanographic axis is parallel with the planes of 
vibration of the light. On turning the crystal through 
some degrees, the field becomes dark. The number of 
degrees through which the crystal must he turned in 
these two crises is a valuable aid towards determining 
the crystal. The position of the crystallographic axis can 
usually be determined by the outlines of the crystal or by 
cleavage lines. 

The determination of the system to which a crystal 
belongs is, of coursfii an important step towacdaviftAAsstfta.- 
fication. In some coses this detexroATvalywoiTL \* la^'^a. 'sis^'i" 
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in other cases it is hardly necessary to say that it is most 
difficult. Systemfttic study of the crystals in rocks pre- 
supposes extensive training in orysLallogriiphy, Ciills for 
the keenest powers of observation, and the liigliest exer- 
cise of the reasoning faculties. What has been hece isaid 
Is intended nieiely to sug^^est to tlie interested beginner 
some of the methods emijloyed iu the microaeopiual exam- 
ination of rock sections. 

Cleavage lines, angles of crystals, outlines of ciyatak, 
determination of the system to which ciystals belong, en- 
closure of crystals and amorphous snbstancea in crystalsj 
cavities containing air, water, or liquid carbonic acidj 
effect on the light, color of the crystals, association of 
minerals, are, then, some of tlie characteristics relied upon 
in the identification of the components of a rock. 

Eolling Saad. — Although not strictly belonging under 
tlio hcaduig of this chapter, a slide of rolling sand la 
properly classed with rock specimens. Suth a slide is 
not very difficult of preparation, and is a most interesting 
addition to one's collection. Clean quartz sand from the 
seashore or the beach of a pond or stream is required. A 
cell of such depth that the sand is free to move after the 
covei--glass is in position is used. The mounting fluid is 
glycerine slightly diluted with water. 

Place a small quantity of the sand in a cell, fill the cell 
full of the fluid, and see that there are no air bubbles 
clinging to the sand or to the edges of the Cell. Run a 
ring of shellac cement around the outside of the top of^ 
the cell, and put the cover-glass in position. See that no 
.air babbles are enclosed. Clean and finish the slide in the 

inner already described for glycerine mounts. 

For examination, sliglitly incline the stage of the micro- 
oojfe, having ti)e Nicols crossed. Hold the slide edge- 
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wise for a moment until the sand runs down to one side. 
Place the slide in position on the stage with the sand 
uppermost. As the sand now rolls slowly down (it 
appears, of "course, to roll up hill), a most magnificent 
display of color changes is seen as the different posi- 
tions of the giains of sand bring different thicknesses of 
the quartz between the Nicols. The specimen is very 
showy. 
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CHAPTER XH. 



THE STUDY OP BACTEBIA. 



In the study of bacteria the microscope plays only a 
subordinate part, yet without it this study ^vould be im- 
possible. The numeroui3 methods of preparatiou, culture, 
and isolation of bacteria lead up to Jtii examination under 
the microscope. Some account of such methods in theii" 
simpler forma would seem then to have a place in these 
pages. Much may be done with powers of the microscope 
not higher than four or five hundred diamoters. The proc- 
esses employed may be learned, and very definite ideaa of 
what bacteria are, and the means used by specialists in 
their investigations, may thus be acquired. For the more 
satiafactory study of such preparations, however, a sub- 
stage condenser and the very highest powers of the micro- 
scope are necessary, used with the highest degree of 
manipulative skill- It is not to be expected that the 
finer points of detail will be seen except by these means. 

The beginner is cautioned to remember that bacteria are 
the minutest organisms in nature, and that they can be 
seen under moderate powers of magnificatiori only by the 
closest observation. In looking for them, focus sharply 
with the fine adjustment and expect to aee exceedingly 
minute rods, spheres, and curves, or, in the case of fila- 
mentous forms, very fine segmented tht'eadij. These are 
all liigldy transparent, amless they Lave been ^\i.W«sAjt^ 
to the action of some staimng WmA. Trie's \^^^-^ tai^^N*^^ 

\1\ 



172 



PliACTlCAL METHODS IN MICROSCOPY. 



oveiiookiid, but a little pei-severiug observation will culti- 
vate tbe eye to detect them. 

Tbe name bacteria is aivjilied to countless numbers of 
forma of vegetable org^iiiiama. They exist everywlieru. 
They are the active cause of putref;ictioii tmd of fermijiii- 
tation. The decay of all animal aud vegetable subatatieL's 
is occasioned directly by tlie rapid multiplication of dif- 
ferent kinds of these organiBms. Maiij chemical charg'tjs 
in organic substances are due to their agency. The sour- 
ing of milkf for inst-ance, is caused by tho action of bacte- 
ria, which convert the sugar of the milk into lactic acidy 
and this into butyric acid and other producta. Tlie devel- 
opment of flavors in the ripening of cheese is brought 
about through the action of bacteria. It is believed that 
bacteria play an imjiortEint part in tlie stomach and intes- 
tines in the digcation of food. 

Under favorable conditions the multiplication of bacteria 
is enormously rapid. As long as they can obtain an 
abundance of food material of the right nature, they mul- 
tiply by fission ; but if food material taila, or the conditions 
for this kind of development are otherwise not right, a 
clear round or oval spot appears in. each individual organ- 
ism of many of the species. This is the resting-spore. It 
continues to live without nourishment after the rest of 
the organism has disappeared; it resists drought and cold. 
These spores, in the dry condition, are taken up by the air, 
and are afterwards deposited On all exposed surfaces. 
When they are brought in contact with suitable nourisb- 

1 ing materLil they spring into life with great vigor. 

[ The reproduction is efft-eted by the splitting of the 

^ Cells. Hence the name, Schizomyeetes, or ftssion-fnugi. 
There are, however, good reaaojis for believing that they 

do sot belong witli the fungi. VimQUft^uima «*ictt^. All 
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are enclosed in a EtrucEureless gelatmoiia membrane. One 
general division includes minute spherical cells which 
■divide by a wall running across in one direction, or by 
walla crossing one anotlier; these receive the geneml name 
of Micrococcus. Another division, including straight, 
rod-like forma, receives the name Bacillus. If the rods 
are vciy short and thick, with aomewliat rounded ends, the 
name Biicterium is employed. Slender, long rods are 
called Leplothrix ; thick, long rods, attached at one end 
of the filament to some supporting object, are called Beg- 
giatoa. Crenothrix is a name used for a form of targe 
rods having about thera an eepecially distinct gelatinous 
envelope- Branching forms are called Cladothrix. The 
cells of the rod-like forms multiply by fii'st increasing in 
lengthy and then throwing a partition transversely tliroug"h 
the middle of the cell, the new cells formed repeating the 
process indefinitely, giving rise to chains of cells con- 
nected by a highly trauHparent membrane. The indi- 
vidual cells are so small that the minute structure is very 
hard to study. So far as is known, each cell is filled with 
protoplasm of uniform composition, but differing some- 
what in different species. The belief that protoplasm is 
present is based upon the fact that only the more opaque 
portions are stained when iodine is ran under the cover- 
glass. Of the coiled forms, those that are short, stout, and 
have but few coils are called S[tirillum; those that are 
long, slender, and have many coils are called Spirocha?ta. 
Vibrio is a name applied to loosely curved and segmented 
forms. In each of these general diviaiong are innumeralile 
individual forms, many of which have been studied and 
given particular names. It is to be remarked, however, 
that there is more or less of confusion in the iiaa -at ^tesssa. 
names in the literature o£ \iac\fcTYei\Q^» 
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The prevailing colors o£ bacteria are gray, yeUowisli 
white, and white. Some species are bright, and are 
readily recognized in masses as red, blue, green, or brown. 
Ill some cases tlio coloring matter exiats in the protoplasm ; 
more frequently it is found in the envelope of eellulose- 
Hke material which surrounds the protoplasm. The colorar 
tion arisus from the power which bacteria possess of 
chemically separating the substances in which they thrive, 
and of forming new compounds, or upon their power of 
absorbing ingredients from the surrounding sxibstances. 
Crenothrix and ClaJothrix are of a distinct brown color, 
due to the oxide of iron thus absorbed from the water in 
which they thrive. The yellow color of Beggiatoa is due 
to sulphur, which has in a similar way been separated from 
the sulphur water in which these bacteria grow. The 
blood-like drops which form on bread and some other 
BubBtances when left in a moist atmosphere under suitable 
conditiona of tempemture are simply masses of bacteria, 
the Bacillvs prodigtosK?, which have developed from 
germa deposited from the atmosphere. The blue color 
which sometimes under favorable conditiona develops in 
milk is explained in a similar way. The green color 
which develops on cheese is another example. It is 
characteristic of bacteria as an order of plants that they 
are devoid of chlorophyll. Yet there are exceptions to 
the rule, — at least some forms give the characteristic blue 
color when treated with iodine solution, showing that 
starch, the product of chlorophyll, is present- The color 
is in some cases an important aid towards the identification 
of tiie bacteria. 

In connection with color may be mentioned the phos- 
phorescence seen at times on the ocean and on deca_ying 
wood. It is caused, in some cases, by tUffefent hinds of 
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bacteiia, wLlcli have tlie powei- of separating phosphorus 
from some of its compounds. 

Some forms of bticteria are endowed with the power of 
motion, or at least have this power at certain stages of 
their existence ; other forms are incapable of moving. It 
is probable that iu the case of some of the moving forms 
the motion is effected hy the contractions of the proto- 
plasm of the ceU. In other forms there are hair-like 
appendages, either from the ends or sides of the cell. 
These cilia^ or flagulla,. are believed to consLst in some 
cases of protopUism, and to be organs of motion ; in other 
cases it is believed that the cilia are merely prolongations 
of the membrane enveloping the cell, and that they have 
nothing to do with the production of motion. These 
appendages are naturally difficult to make out, hut the 
numbfcir of forma possessing them is now known to be very 
large. 

The observer is cautioned to I'emember that almost all 
finely divided solid matters enspeiided in a fluid exhibit 
a peculiar oscillatory motion called the Browuian move- 
ment. The study of the Brownian movement made in 
Chapter IV, should be recalled, as many kinds of bacteria 
exhibit this movement. Careful observation will readily 
enable one to distinguish between the progressive move- 
ment from place to place of the really motile haeteria and 
tliis purely mechanical vibmtory movement. The hay 
bacillus, described later, affords good material for the 
study of both these movements. Another movement about 
which one might he mistaken is the motion of Vibriones. 
A filament of Vibriones is shaped like a corkscrew, and 
the movement is believed to be a revolution on the axis of 
the filament. Under the microscope it appeai-s h^ a.-a-a-si^- 
cal illusion to be a snake-like^ uniuVatGrg TaoNJNSso.-. ^^ '^^^ 
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case of Spirodiceta and Spuilluoi, the serpentine motions 
are believed to be real. 

Many forma of bacteria are perfectly harmless. In fact, 
they ^''e essential to life either as a direct agent in digestion, 
AS already noted, or by their action in tlie decoinposition 
of animal and vegetable substances, and the preparation 
of the soil for the production of plant life. With the air, 
the water^ and with our food, we receive couutless numbera 
of bacteria into our systems, where they are either inert or 
perform the functions for which they were designed in. the 
economy of nature for our well-being. The invtistiga.- , 
tions of recent years have equally well established the fact J 
that other forma are pathogenic. It now scai'cc-ly admits i 
of question that cholera, typhoid fever, diphthei-ia, con- 
sumption, and many other diseases, aie caused and propa- 
gated by particular bacteria. 

With these introductory renaarks, which are intended to 
call the attention of the beginner to the nature and impor- 
tance of the subject, we will turn our attention to the 
methods employed in the study of these exceedingly minute 
organisms. As already intimated, culture metliods must 
be employed in the satisfacto^ study of most forms of 
bact-eria. The remainder of this chapter will have to do 
with forms wluch can he studied without special cultiva- 
tion, and with those which can be cultivated by very 
simple means. The following chapter will describe the 
methods now employed in the cultivation, isolation, and 
examination of forms which cannot be so directly studied. 
I Bacteria of the For of the Teeth. — Scrape a little of the 
[fur from tlie teeth, and platie it on a cover-glass in a thin, 
UTen Layer with a small drop of water. Invert the cover- 
r1s58 on a elide, and examine with the highest power at 
vommn.nd. Several forms of bactena "Wiii livukiwVitedlY be 
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found. Minute spheres of Micrococci are clustered to- 
gether; a spiral form, Spirilla dentutm, or, as it is some- 
times calleil, Spcrachcetii ilrnfietda^ darting back and forth 
witli chameteristic movemeuty, may be present; possibly 
the comma twicillus of the teeth, a form curved like a 
uomma (,) and closely resembling the comma baeillms of 
Asiatic cholera, will be seen in active motion ; larger than 
any of these, straight, rod-like forms will be found, a vari- 
ety of Leptothrix. If a little iodine solution be run under 
the cover-glaas, the protoplasm in the largest rads will 
coutmct suffieienlly to show that the rods are segmented. 
Possibly a blue culor, due to the presence of starch gran- 
ules, will be seen. With the e'tception of comma batdllUiS, 
the bacteria of the mouth cannot be cultivated by the ordi- 
nary means. 

PutrefactiTe Bacteria. — Expose to the air of a living- 
room lit the ordinary temperature pieces of moist bread, 
boiled egg, boded pot;ito or turnip, for twenty-four to 
forty-eiglit hours. Small spota, either tinnslucent or 
colored, will form. These are oolonics of iKicteria that 
have developed from germs deposited from the air upon 
the substance used- 
Transfer a little from one of these spots to a cover^lass 
with a small drop of water, and examine as already de- 
scl'iljed. Numerous rod-like and spherical bacteria will be 
eeeji, many of the rods iu active motion. 

For further study, Iwil some green leaves in a flask. 
Ahnost any kind of leaves will do. Cabbage or lettuce 
leaves are good. In another flask boil some ground peas. 
Filter eacli sohitioji after an hour, and set aside open at 
the ordinary tem[itsrature. In about forty-eight hours 
skin-like formations will be 8eeu on the smiajcwfe 'A- '"^^ 
liquids in the flasks. T\ua ?oi'raa.t\oM \a c^sXWjV "»- ^^^'^^- 
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A little of this ia examined under tlie microscope in the 
manner already described. 

Again, soak some hay in water at thB ordinary temper- 
ature for four Qv five hours. Filter the iiiEuaiott into a fiask, 
anil boil gently for a few minutes. Plug the mouth of 
the flask with a wad oE cotton-wool, and place it aside at 
the ordinary temperature for twenty-four or foHy-eight 
hours. A pellicle fonna. This is formed by the hay 
baeilluis, Bar'dlus subtilts. The germs of this bacillus are 
able to withstand boiling for a few minutes. Other bac- 
teria present have probably been killed by this treatment, 
We have then a pure culture, as it is called, of this 
variety. The cotton-wool plug is an efficient filter for the 
air that entera the flask, no germs being able to pass 
thi'ough it. If the boiling was not continued long enough, 
other forms of bacteria will also be present. 

If a bit of the pellicle be examined at the right stage 
of development, filamentous forms will he seen imbedded 
in a transparent, gelatine-Like sabstauee. In the active, 
Bwai'uung state, the Bacilhti ^uhtiUs divides into fiUments 
of twos, fours, and eights, with flagella at tlie enda of thu 
filaments. These bacteria will not stain by the ordinary 
methods. 

For still another study, place some Spu-ogyra, a water 
plant described ia Chapter V., in a flask of water, and 
allow it to sbind until decomposition begins. From tiuu- 
to time examine a drop of the water. Veiy lively motile 
coiled bacteria, Spirochceta pUcataliSt are likely to be 
found. These bacteria are ciommon in any stagnant water 
containing decaying organic matter. In the same water 
the straight, comparatively thitik rods of Beijijiatoa alba 
I may he found. These are filamentous. The protoplasm 
\is gnwuiiir ill ap])earance, due to vVu \iia.\AAt\ftSi ^1 wiVv^ur. 
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Tliat these granules are sulphur may be proved by allow- 
ing the preparation to dry and theu running a little carbon 
bisulpliicle undyr the cover-glass, Thia will dissolve the 
sulphur, and the granulation will become less diistinct. 

In all of these eases, the masses taken from the pellicle 
show the bacteria in the zoogtea stage. The pellicle ia 
composed of motionless bacteria surrounded by a gelatine- 
like, tmnsparent substance which is a product of their 
growth. 1£ we take our specimen at the right time, we 
have the bacteria in the active, swarming stage, when tbey 
are in active motion. At tlie proper stage of development, 
we may see the res ting-spores. In order, then, to form 
correct ideas of Wcteria, one should make frequent exami- 
nation, to see tbem in the diJSercat stages o£ their develop' 
ment. 

Cover-G-laas Preparations. — In the study of the above, as 
well as of all other bacteria, it is of advantage to make a 
so-called cover-glass preiiaration. A veiy thin layer of 
the medium containing the bacteria is placed evenly on a 
oover-glass- This is best effected by placing a minute 
chop on a cover-glass and laying another cover-glass on 
this. The two cover-glasses are now gently rubbed to- 
gether, and then separated by sliding them apart. They 
are then dried at the temperature of the room, or by hold- 
ing them in the forceps some distance above a gas flams, 
heing careful not to scorch the film. The bacteria aro 
now stained by placing on each cover-glass a solution of 
fuchsin, Bismarck brown, methyl violet, or other staining 
solution. Tliis is allowed to act from ten to twenty min- 
utes, or longer. The dye is now washed off vnth distilled 
water; and, if there has been considerable diffuse stiiuing 
of the ground tissue, the cover-glass ia washed in alcoUciV, 
The cover-glass is now dvvetV ?ba \iilaso, %xv^ a. wa-^^i^. ^w's*^ 
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of oil of cedar, tuqientine, or xylol-ia placed upon it. It is 
then inverted on a glnss slip, and is rsitdy for examination. 

In some cases double staining is of advant^ige. After 
the surplus of tbe lii"st stain Uas been washed away, as 
above, the cover-ghisa is not dried» but is treated with a 
contmst stJiin [j'om ten to twenty minutes, waslted, treiited 
with alcohol i£ necessary, dried, and mounted hi oil of 
cedar, turpentine, or xylol for examination. Fuchsia 
and Bismarck brown, BismarLik hrown and methyl violet 
or methyl blue, give good results. These stains may be 
used in water solution or in alcoholic solution, with the 
exception of Bismarck brown, the alcoholic solution of 
which deteriorates on standing. A nearly saturated solu- 
tion in alcohol of the other dyua maj be kept on hsmd ami 
diluted with about twice their bulk of water, and filtered, 
at the time of using. As a rule, the bacteria fcike only 
one of the colore. The object of the second color ia to 
stain the ground tdsBue, and so set forth the bacteria by 
conti'a.st. 

A cover-glass preparation made as above may be perma- 
nently preserved bj simply draining off the oil of cedar, 
turpentine, or xylol, and mounting iu xylol 'or benzole 
balsam^ Do not use chloroform balsam, as the chloroform 
dissolves the aniline dje. The bjicteria are very much 
more distinctly seen when mounted in balsam than when 
"mountecl temporarily in oil of cedar, etc. 

The Baciilua Taberouloaia. — The Bdnllus tuberculosh is 
a slightly curved non-motUe rod, containiog frequently 
from two to six spores. These spores are very difliciilt to 
make out, The rotls are from 1.5 ^ to 3 /x- long and from 
.2 ;i to .3 ^ thick. Numerous methods have Ijeen devised 
for the denionstj'atioji of the Tubercle baciUL Two reliable 
, Izods are here given. 
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Mriich'$ Method. 

Mil 1 c.e. of aniline oil in 20 c.c of distilled water, and 
filler. To this add an equal volume of a saturated solu- 
tion of fuchsin in alcohol. A cover-glass preparation of 
sputum ia made with this as a first atain. The stain is 
allowed to act for half an hour or longer. The cover-gkisa 
is washed tii'st in 38 per cent nitric acid, and tlien in dis- 
tilled water. Nitric acid is used because it discharges the 
color from all bacilli likely to be preseut except the Tuherci<^ 
hiirilU. The l)iLCLlli are stained red. As a contrast Stain, 
either methyl blue or Biamarck brown is now applied in 
satuiTited alooholic solution. The ground tissue will he 
stained blue or brown, the bacilli remaining red. Wash 
in distilled water and in alcohol, clear in xylol, and mount 
in xylol balsam. 

The Ziehl-Neehen Carhol^Fuchnn Method. 

A cover-gloss preparation of sputum is treated with a 
staining solution prepared by dissolving one part of 
fuchsin in ten parts of absolute alcohol and then adding 
100 jjarts of a 6 per cent solution of caibolic acid in 
water. This solution may be heated in a watch glass 
until it steama, and the prepared cover-glass floated on it, 
prepared side down, from three to five minutes ; or the 
eoUition may be used Cold, in which case it should be 
allowed to act for twenty-four hours. The cover-glass is 
theo-waahed in alcohol and in 25 per cent sulphuric, nitric, 
or hydrochloric acid. The acid removes the color fi-om 
everything except the bacilli. Wash again in alcohol. 
and then in a saturated water solution of lithium carbon- 
ate to fix and intDnsify tlie stain. A% ^ »iQm.\s:a&\i ^Vwa^.-, 
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ft saturated solution of methyt blue in water, allowing it 
to act ten or iifttieii mimiLes. Wasli nud dry the uover- 
glaas, clear in amliuu oil or xylol, iiml mount in xylol- 
balsam. 

The Typhoid Bacillna, — Whether typhoid, fever is c.iused, 
by a Euicrococcos or n bacillus is still ilui|iuted. The pre- 
vailing weight of opinion araojig the foriimost investiga- 
tors is that it is caused by a short, somewhat tliiek bacillus 
witb. slig-htly rounded ends, eftch rod being from *2 /l to 3 /i 
in length and aljout one-third as thick. The central [xir- 
tion of the cell will not take anilijio stains, and gives an 
appearance closely resembling apores. These s^wts were 
long believed to be true spores, and ai-e so described in 
works of high authority publiished ipvitliin a very few years. 
The moat tI'USt^vorthy authorities now believe that tliey 
are not apores, but that the failure of these portions to, 
take the sfatlns is due to the fact that degeneration of th^ 
protoplasm is here going on. The typhoid bacilli are 
found in the mesenteric glands, spleen, liver, occasionally 
in the kidney, and in t!ie dejecta of typhoid patients, in 
water that has been contaminated by such dejecta, and in 
the milk of cows that have drunk ot the contaminated water- 
Cultivation may be made by the methods described in the 
following chapter, and cover-glass preparations made irooi 
the cultm-es. Covei'-glass prepai'ations may also bejpjiaade 
directly from the water, niQk, or dejecta. A drop is dried 
on the cover-glass, stained for half an hour with a satu- 
rated solution of methyl violet in water, washed, andd 
ijnished as usual. I 

The Cholera Bacillus. — The special interest felt at pres-^ 
ent, and at all times when our country is threatened mth 
the introduction of cholera, warrants a few directions for 
the study of the cholera bacillus, although the iiViiter haa 
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never T^fid an opportunity to study it personally, and must 
rely wtolly upon the observations of others. The cholera 
i)acillus. or comma bacillus, is a decidedly curved, motile 
vod with rounded or thickened euda, abuut ouo-half or one- 
third as long, but about twice as thick, as the Bacillus 
htl>ercido?U. These rods aometimee join end to end, and 
foru] a true Spirillum.; they aometimes t;Uie the shape of 
the letter O, and sometimes of S. They are found in the 
dejecta of cholera paticntB during the early and middle 
stages of the disease, and iii watet contaminated from 
Buch dejecta. 

The method most highly recommended for their tUrect 
examination is very simple. A drop of the suspected 
water, or a bit of the white mucoua particles found in 
the dejecta, is api'ead in a thin layer on the centre of 
a glass slip, covered with a very weak, wateiy solution of 
methyl violet, and a cover-glass immediately placed over 
it, any overflow of the staining fluid being taken up 
with blotting paper. The bacilli Uvke the stain slig-htly* 
hut do not lose their power of motion, as would, of course, 
lie tlie case if an oi-dinary cover-glass preparation were 
made. 

As these bacilli are so minute, the very bigliest powers 
of the microscope must be used in the examination. The 
examination, though difficult, is an eminently satisfactory 
one on account of the distinctly characteristic form of the 
badUua, 
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BACTEEtA are such esceedJngly minute organisms that 
with tlie highest powers of the most perfect modern lenses 
even the trained eye find brain cannot in many cases defi- 
nitely distinguish between similar forms. Various methods 
of cultivation liave, therefore, been devised to iifford means 
of studying the habita, effeets, and other ijliysiological 
functions as a means of distinguishing' the different species 
when tlje forms of the individual bacteiia cannot be relied 
upon. Several species of pathogenic Uictem may easily 
be mistaken tor non-path ogenic varieties, if the appearance 
under the microscope is tlie only means employed for their 
identification. The Bacillns tuhemthnJi and the typhoid 
biiuillus both closely resemble harmless forms. 

Another V6ry important end served in the cultivation 
aud isolation of haeteria is the study of the effects pro- 
duced hj the different Lsolated forms wheu injected into 
the bodies of living animals, A simjile reference to the 
researches and discoveries of Pasteur and Koch is all that 
need be said about the importance of these methods of 
investigation. 

It is the purpose of this chapter to describe in simple 
form the methods of culture study that have been devel- 
oped within the last ten or twelve years in some of the 
leading laboratoiies of the n'orld, and that are now in 
common use wherever pi-aettcal studies of these organisma 
are being made. 
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II may be aaid by way of introduction, tlmt the general 
nielhnd of procedure is to provide proper food material 
which baa been deprived of genua of all other kinds of 
UicLeria, keeping it tit sueh temperatures as are best suited 
to the variety under coiisideriitiou. The different species 
are separated by means whiuh will be described. The 
Eoud uirtteriul ie deprived of bacterial germs by sterilization. 

Sterilization. — Sterilization of a substance means simply 
heating It to audi a t^^injicmture that the bxcteria in it are 
killed. No forms can live at a continued temperature of 
boiling water, but many germs resist this temperature for 
a eonaidemble interval. AU germss are killed by heating 
for one or two hotira at a temperature of 11J0° to 200° C. 
Apparatus, cotton-wool, everything that cannot be effect- 
ually protected from the air, should be so sterilized. It is 
especially important to fix this fact, and not to use teat- 
tubes and cotton-wool that have uot been sterilized for the 
culture media hereafter described, as contamination is 
almost sure to follow. 

In steam sterilizing, tbe apparatus aud media are s.ul> 
mitted to a tempei-atui'e of 100° G- for half an hour to an 
hour on the first day. Tiiis kills the developed bacteria, 
but the spores withstand this treatment. After twenty- 
four hours the spores will have developed, at least par- 
tially. They ate steamed again for twenty minutes to half 
an Lour, aud given another twenty-four hours to develop, 
when they are again treated in the same way. It has 
lieen found that this treatment kills all known germs. 
Apparatus such as test-tubea an(J. flasks may be plugged 
with cotton-wool and given tliis treatment, though it is 
better to use the higher temperatme of diy-air eterilizing, 
Lo make siu'e of kiUing the germs that fall on the cotton- 
wool from the air. 
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The apparatus used in bacteriological work may also be 

sterilized by washing in varioim chemical solutions. The 

substance most commonly used is corrosive aubiimate 

I " (mercuric chloride). One gramme of the aolid dissolved in 

one litre of water gives the usual 1 : 1000 solution. 

The Sterilizera, — Complicated and costly sterilizers have 
been devis-ed and used by different investigators, but for- 
tunately very simple and inexpensive forms of apparatus 
are now in the market for other purposes, wliich ai-e admi- 
rably adapted for bacteriological studies. Both of the 
articles here described are now in use in proiniuent labo- 
ratories in this country for practical work. 

For hot-air sterilizing, the gas stove called the " Cone," 
manufiictured by tlie Central Oil Gas Stove Co., Boston, 
does admirably. Glass plates, pipettes, 
cotton-wool, and any other apparatus, 
may Ije sterilized by beating from one to 
two hours at a temperature of 100° to 
200° C. These articles may, of course, 
be sterilized in the oven of an ordinary 
cooking -stove. All implcTiients. thus 
sterilized should be carefully protected 
from the dust until they are cool enough 
to use. 

For steam sterilizing, the Arnold Steam 
Sterilizer, which may be purchased for 
$2.''50 of variouf* dealers, or of the nianu- 
facturei'Si Wilmot Caatle & Co., Roch- 
ester, N.Y., serves the purpose excellently well. It is 
very simple in construction. It may be used over any 
source of heat, as a Bunsen burner, oil stove, or an ordi- 
nary stove. Water placed in the pan finds its wa^ ttaci'ii'^ 
small openings iutti a shaUovr c\oa&i Ne.'s&eS. \»^q^ - "^Nssa 
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Te»el (MWimumcates directly with tbe sterilizing chamber 
ftbore. Steam is quickly generated. The steriliziug 

chamber has aa outer 
jacket placed over it from 
above- The steam, there- 
fore, accumulates under 
sufficient pressure to raain- 
tain a constant temi>eraliire 
of 100° C. A thermometer 
mounted in a cork may be 
inserted through the covei-s, 
and, by regulating the flame, 
any desired temperature 
below 100' C. may easily 
be maintained. Willi the 
Arnold Steriltzeras the only 
means of sterilizing, a great 
deal of thoroQghly reliable 
practic;d work may be done. 
Food Materials. — Various 
substances are used to fur- 
nish the bacteria suitable food. Among those moat 
eonmionly employed are pre^iaratiotis of gehitine and of 
agar-agar, milk, bouillou, slices of potato, carrot, turnip, 
and other vegetable substances. 

Gelatfne Medium. — There are many different formulas 
for the pre," pil rati on of tJiis mi^diutn. The following is a 
good one. Half a pound of lean meat is soaked in oOO c.e. 
of distilled water for twenty-four hours. The meat extract 
thus obtained is decanted into a flaiik, and to it is added 

GeUI-ine 50 grumnes 

^alt 2.5 gruumes 

PEptflne (Iferck's) 5 graaim^ 



Fig. 51. 
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Allow this mixture to stand a short time for the gela- 
tine to soften, then boil for half an hour. It i& now tested 
with litmus iiiijiei" for acidity, and dry sodium carbonate 
added cautiously until it has a faint alkaline reaction on 
the litmus pai>er. It is now filtered through a piece of 
cotton cloth or of flan]iel, and again through three or four 
layers of absorbent cotton. As the gelatine hardens too 
rapidly to allow the medium to be filtered in the open air, 
the filtering apparatus is placed inside the steam sterilizer, 
where the filtering is readily accampltsbed, the sterilizer 
taking the place of a somewhat expensive hot-filtering 
apparatus sometimes advised. After the ftltering, the 
medium slionld be quite clear. One-half of it is now 
poured into another flasli, and made faintly acid by adding 
acetic acid cautiously until blue litmus paper just turns 
red^ The other half is kept m the alkaline condition. In 
the subsequent work these two portions are, of course, 
kept aepamte, and Labelled altaliue and acid. 

Test-tubes are now filled about one-thiitl full of the 
medium^ and the mouth of each is tightly plugged with 
cotton-wool. These test-tuljes are placed in the steam 
sterilizer in wire stands, or simply in empty beakers, to 
hold them upiiglit, and thoroughly sterilized by heating 
for half an hour on each of three successive day^. They 
are then ready for immediate use, or they may be kept 
indefinitely, and used as occasion may require. It is, in 
fact, a good plan to keep them several days before using, 
as, if they have not been thoroughly sterilized, a change 
in appearance will indicate the fact. Paper hags may be 
drawn over the cottou-woiil plugs to protect them from 
the dust with its contaminatiiin- bacteria. If the medium 
is found to melt in hot weather, the amount of gelatine 
may be increased to 60 or 75 grammes. 



190 



PRACTICAL METHODS Of MICKOSCOPr. 



Agaj-agar Medium. — - Ag'ar-agar is a kind of gelatine 
made fioai a sea-WL^tiJ growing in the Japan Sea. It haa 
reoeiilly cooae into tlio market foi" a numbei" of comineryial 
iisea, and is now imported into tljis country hj the ton. 
It is used by Bome paekera of meat to give the meat a 
richer appearance. It is inexijensive, and may be obtained 
of deal^jrs in biological eupplias. It is used as an ittgredl- 
Qut of a culture mudium because it will stand a relativulj 
high ttimperature without liquefying. 

The agar-agar medium is prepared by the formula given 
for gelatine medium, substituting for the 50 gr-amjnes of 
gelatine 6 grammes of agar-agar which haa been eoaked 
in salt water for ten or twelve hours, and the salt water 
di'aiued off. 

Agar-agar and ordinaiy gelatine are sometimes mixed 
in different proportions, to give a medium combining the 
qualities of both of these substances. 

Test-Tnhe Cultarea. — When it is desired to make a culti- 
vatioa of batsteria from any source, some of the test-tubei 
prepared as above are taken. The cotton-wool plug i 
parsed through a £ame, ignited, and the flame quickly 
blown out. The object of this treatment is to destroy 
anj' bacteria which may have beeu deposited on the cotton- 
wool with the duat that haa settled on it from the air. A 
sterilized pipette with a fine point is touched to the bao 
teria to be studied, the cotton-wool plug is quickly re 
moved juat enough to allow the pi[pette to be admitted t 
the tube, and the point of the pipette is touched to or ii 
drawn along the surface of the medium. The pipette ia4 
withdrawn, and the cotton-wool plug is replaced, This' 
operation should consume as little time as possible, and. 
every precautinn should be taken to prevent dust from tha 
' entering. The tubes are set aside at the ordinary 
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tenipeintme, or are kept at some partloular temperature, 
aa the conditions of the study may require. The tubes 
are examined from time to time to watch the development. 
A turbidity of the gelatine, or translucent or colored spots, 
after twenty-four to forty-eight hours, show thiit the bac- 
teria are growing. Cover-glass preparations may at any 
time be made from the growth. 

Culturea at Elevated TemperatUTM. — Very many investi- 
gations, in fact, the larger number, are made at the ordi- 
nary temperature of the room. Cultures at temperatures 
above the ordinary temperatures of the air are necessary 
in some cases. Disease-producing bacteria, for instance, 
must be cultivated ut about the temperature of the human 
body. Apparfttus for theHC cmlturea may be improvised at 
very little expense. Fill a hu'ge tin pan — the larger the 
better — with water, sind heat over a Bunsen burner or oil 
stove. Provide ats a cover a piece of board, through which 
holes have been bored of a size suited to permit the test- 
tubes to pass through. Test-tubes with flaring moutha 
should be used. After the culture tubes are prepared and 
inoculated, they are pivssied through the holes in the cover 
and immersed iu the water. A thermometer mounted in 
a eork is inserted in one of the holes in the cover. 

The water is heated with the full flame until the required 
temperature ia reached, then the flame ia turned down. 
With a little experience, it ia very easy to maintain a tem- 
pei-ature varying not more tlian two or three degrees in 
twenty-four hours. The greater the body of water, the 
easier it ia to maintain a constant temperature. 

Plate CaltureB, — Bell-glasses and plates of window glass 
about four inches square are required. Ordinary tumblers 
may be used as bell-glasses. For some purposes shallos 
dishes, sold in paii-s by the dcaleris uiider tlie uame o 
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bacteriological or Petri dishes, nre convenient. A pair 
of tiiese dishes placed under a bell-glftsa is used in place of 
the glass plate and tumliler. TUig apparatus is Uioiouglily 
sterilized by dry Jieat, or by washing with a 1: 1000 solu- 
tion of corrosive suljUmate. 

A tube of gulatine or agar-agar medium ia melted by 
holding it in a beaker of warm water, and is then inocu- 
lated with the bacteria to be stmlioj, using the precautions 
given under tube culture. The tube is thoroughly aliaken, 
tlie contents poured upon the glass phite, and the beJI- 
gliws quickly placed over the plate. The plate is care- 
fully levelled, and the joint hetween it and the bell-glass 
is made air-tight by smearing with vaseline. In the course 
of some hoiu-s, if the plate is kept at a suitable tempera- 
tui-e, spots caused by the growth of the bacteria will 
develop. Cover-glass preparations may be made from 
these colonies, or a cover-glass may be laid over a colony, 
and, the plate being placed on the stage of the microscope, 
an exaniinatuni niijdcL 

Kethod of Isolating Bacteria. — The method commonly 
employed for the isolation of species is an^pplicattou of 
the plate culture. It is usually spoken of as the method 
of dilution. Sevei'al teat-tulxta of gelatine, or agar-agar 
medium, are melted at a low temperature by immersing- 
them in warm water. With the usual precautions to p: 
vent contamination from the dust in the air, one of tha 
tubes is inoculated with bacteria. The tube is well shaken, 
thoroughly to incorporate the bacteria with the medium. 
A drop or two from this tube is used to inoculate a second 
tube. This tube is well shaken, and the third tube is 
inoculated from it, and so on to any required degree of 
The contents of these tubes are now poured 
nrnte sterilized plates^ coveiad "^vtlv TofeVl-^laaaea, 
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and placed aaide under suitable conditions of tempera- 
ture. 

After some hours, or in a few daya at moat, colonies 
develop, but the plates o£ the most diluted preparation 
will* of course, have the fewest. If the dilutioir was car- 
ried far enough, the colonies will not run together, but 
will be entirely separate. It in accepted that each sepamle 
cnlony thus obtained m the gro\vth from a single iiuUvid- 
ual, or at least from a siug-le chain of iikdividuals of one 
Bpecies. Cover-glasa preparations may be made from these 
colonies, or tubes of various media may be inoculated from 
them, and what are known tis pure cultures grown. 

Cultures without Oxygen. — Bacteria aie called aerobic I 
or auatJrobic, according as to whether or not tliey can live 
without oxygen. The simplest form of culture without 
oxygen is made on a gehitine or agar-agar plate. The 
plate may bt; prepared by pouring the inoculated gelatine 
medium upon it, as already described, or the sterile gela- 
tine may be poured upon the plate, and the inoculation 
made in spots with the point of a pipette charged with 
the bauturia. 

Thin cqvo r-glai^ses or thin films of mica are now laid 
over some of the spots, and a ring of mLdted pamfhn is 
run around each film. Time is given for the growth of 
the lacteria, and the observation is made whether they 
grow equally well exposed to the air and under the mica 
film, where the supply of oxygen is cut off, This culture 
is a valuable means of distinguishing certain species. 

Milk Cultures. — Advantage is taken of th« fact that milk 
is an excellent food for certain species of Kicteria. TI 
milk is used as soon as possible after it is drawn fro 
the cow. Test-tubes are filled about. ow^-VvCvti. V-oiSs. *A 
p)agged with cotton-wool, and 8teT\Vw.BA.\i^ V^^'C\tv^\».''iB^ 
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flteain sterilizer for twenty minutes on three suceeseive 
diij'H. It may theu be inui:iilatt;d in the miiimer ali-eady 
dwiciiljed. 

Bouillon Cultures. — Bouillon, or clear soup, is used in 
tlio name way that milk i« u$ed. It sliould be i-eiidered 
slightly 4ilkiiline witli yudiuin carbonate. 

Potato Cultures. — Potatoes, eanots, turnips, and otlier 
vegetables may be used, either for testrtubo uultuiTs or foi- 
plate cultures. For test-tube cultures, pieces of boiled 
[KJtato are cut with a sterilized apple'Corer, and tbese 
oylindei's are cut obliquely from end to end. Tliey are then 
placed in teat-tubes, large end down. Tliia gives a large 
sloping am-face tor tlio cultures. Tbe tubes are plugged 
with cotton-wool aud thoroughly sterilized in the steam 
sterilizer. They are inoculated in the luauner described 
for tube cultures. 

For plate cultures, a boiled potato is peeled with a knife 
Bterilized by passing it back an<l fottli through a flame, 
slices are cut, placed on glass plates that have been steril- 
ized by dry heat or by wasliing in the 1 :1000 solution of 
corrosive subKraate, and covered with sterilized bell-glasses. 
Inoculation with the baeterii under examination is effected 
by touching a steiilized pipette to the bacteria, and then 
to the surface of the potato, either in spots or in lines. 

Hanging^-Drop Cultures. — This is a very convenient form 
of culture for some investigations. Cells are made by 
cementing rings of glass, rubber, or metal to raicroscope 
slides, as desciilied in Chapter VI. When the cultures 
are to be made, sterilize the cells by wasliing in the 
1:1000 solution of corrosive sublimate or in absolute alco- 
hol. Smear the top surface of the cell thickly with vase- 
liue. Sterilize a cover-glass in the same way or by passing 
'i through tbe naked llauie, place ou its centre a drop of 
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tbe steriH7,ed agar-agar or gelatine meLlium, iuoculate it 
with the biicteiiii, and invert the cover-glass over the ceD, 
presaing it down geutly. The vaseline makes an air-tight 
Joint, 

Many of these slides may be prepared at the expense of 
very little labor. They may bo set aside at the required 
teiujierature, and studied under the microscope whenever 
one wishes. The drop of nutrient medium, being attached 
to the cover-glass, is in a suitable position for examination. 
If it is desired to keep the preparation moist, a very deep 
cell may be used, and a drop or two of water that haa been 
stej'dized by boiling may be placed in the bottom of the cell. 

Another good cell for moiat cultures is made by cutting 
a hole a little smaller than the cover-glass in a piece of 
thick pasteboard. Soak the pasteboard in boiling water 
to sterilize it, place it while still wet and hot on the centre 
of a microscope slide, and immediately place over it a 
prepared cover-glass with its inoculated hanging drop. 
To keep up the moisture, wet the pasteboard from time to 
time in Imiled water. If these cttltores are to lie prolonged 
for some time, keep the slides under a bell-glass with a 
dish of water. 

A hanging drop of sterilized water, inoculated with the 
bacteria, affords a most excellent means of studying the 
movementB of the motile forms. 

Practical Apphcationa of these Methods, — It is evident 
from what has previously been said that material for study 
may be obtained from any pntrefyirig or decapng animal 
or vegetable matter. In making practical studies of bac- 
teria from any source, the bacteria are fir.st isolated in the 
manner above described. Inneulations of the pure cultures 
are then made in test-tuhes of alkaline and of acid gelflr 
tine medium; of alkaline and acid agar-agar medium; i 
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test-tubes of milk, bouillon, and potato, both at the ordi- 
niiry tenipemture and at different elevated temperatureH ; 
plate cultures are made witli the different media; cultures 
are made to determine whether the bacteria are aerobic or 
anaerobic ; and hanging-drop cultui-es ai'e started. 

Observation is made as to whether the bactena thrive in 
the different media. The growth is usually easily seen 
with the naked eye. The colonies are distinguished ' by 
the changed appearance of the culture medium, a white, 
gray, translucent, peai'ly, or colored spot indicating each 
growth. Many bacteria in growing liquefy the gelatine 
medium. The extent to which they do this, and the 
manner in which they do it, whether in narrow lines 
extending straight downwards or in diffusely spreading 
masses, are carefully observed. At any stage of the prog- 
ress, cover-glass preparations may be made and studied 
under the microscope. In careful investigations sevei-al 
sets of cultures are made, and the preparations of the same 
kind are compared with one another to guard against error 
arising from accidental contamination from the air. 

A record of the results should give the source whence 
the bactena were taken ; the shape and size as observed 
and measured in cover-glass preparations ; the motility as 
observed in hanging-drop cultures; the temperatures at 
which the various test-tube and plate cultures thrive best; 
a description of the appearance of the colonies on the 
jilate cultures ; the effect in liquefying the gelatine 
medium, botli the alkaline and tlie acid ; the effect on 
milk, wlicther it is coagulated or not, how long it takes to 
coatjulate it, wliether the milk is changed in color, and 
whether it has an acid or an alkaline reaction at the close 
of the investigation ; the effect on bonilloii, whether it 
changes in color or becomes turbid, t!ie character of the 
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precipitate, if one is formed, whether a skin is formed on 
the surface ; whether the organism can grow without 
oxygen or not, as observed under the film of mica. 

The results of these observations are now to be com- 
pared with the observations recorded by other workers, so 
far as their results can be obtained. It is to be remem- 
bered that bacteriology is in its very infancy, and that it 
is not yet possible to obtain perfectly reliable descriptions 
of results for a very large number of bacteria. The descrip- 
tions given by different workers often differ in important 
particulars, even those of the very highest authorities. 
Bacteriology has, however, made suflScient progress to he 
firmly established as a science. The newness and unde- 
veloped condition of the science make it a peculiarly 
attractive field for work, but the field is so vast that it 
hardly seems proper to give in a book of this character 
more than these general descriptions of the methods em- 
ployed. 



CHAPTER XIV, 



PHOTO-MICROGRAPHTT. 



The necessity for true representations of objects as seen 
under the uiicroscopet and the tediouauesa auci difficulty of 
making accumte free-hand or camera lucida drawings, 
have naturally called the atteutioix of microscopists to the 
photographer's camera as a means of securing, with a small 
expenditure of time and la.bor, multiplied pictureG of 
microscopic objects. The rapid advances made in the art 
of photography in ve!y retent yean; have i-gndered the 
accomplishment of this, to a, certain extent, within the 
reach of evei-y microscopist. For certain classes of objects, 
and for the purpose of fixing the details of atruoture in 
the mind of the student, the free-hand or camera luuida 
drawing must he made, but for many classes of objects, 
and when it is desired to have numerous reproductions, 
the photo-ni ideograph is largely superseding the laborious 
processes of the draughtsman. 

Complicated and costly apparatus has been devised for 
the accomplishment of special purposes in photo-miiirog- 
raphy. Such apparatus is a necessity if the highest 
power objectives ai-e to be usedr as in photogiaphing bac- 
teria and the more delicate diatoms. Special apocliro- 
malic objectives, apparatus for using the sunlight, the cal- 
cium light, or the electric light, and special ortliochromatic 
dry plates mu&t be used to secure the best results with 
these classes of objects. Very few private workers -wquIA^ 
feel warranted in puruhaalng au'Ci\i o\i\£Afl.. ^^c>lx -sb^-^^s* 
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done with very simple ami inexpicnsive apparatus. We 
shall deal here with simple appiiratua and with low 
powers of tlie microscope, such powera as, in fact, are 
most serviceable in the general use of the microscope iu 
hiHtologieal investigations, leaving to specialists the de- 
scripUou of special apparatus and special proccsKes. The 
present chapter proposes to give in detail to those wholly 
unacquainted mth photography, all of the proceaaes from 
the setting up of the apparatus and the exposure of the 
plate to the raountlng of the finislied photo-niicrog^rapli. 
The experienced photographer will prefer processes and 
solutions with which he is familiar, and numerous mnJifi- 
cations may he made of the methods, hut processes kiiqwn 
to produce good results are here given. 

Apparatus. — Any microscope with a tube large in diam- 
eter and with jointed pillar, and an ordinary amateur 
photographic camera, omitting' the lens, are all that is re- 
quired. Such photographic outfits may be purchased at 
varying prices, but an outfit costing ten or twelve dollars, 
allowing the exposure of a five by eight inch plate, is 
advised. 

Arrangement of Apparatm. — The eye-piece, together witli 
the draw-tube, is reniovfd from the microscope ; the mirror 
and sub-stage fitting are removed or swung to one side. 
The body of the tube is inclined at right augles to the 
supporting pillar. The camera is used without its lens, 
the microscopic objective being tlie only lens used. A 
board four feet long by ten inches wide, placed on any 
firm table, is used as a support for both camera and micro- 
scope, — an arrangement which gives great steadiness. At 
one end of the board, a rigid, upright support is placed, to 
which the camera is firmly attached, at such a height that 
the tube in which the photographic lens is usually inserted 



PHOTO-MI C B.OG K APH Y. 



201 



ia exactly opposite the end of the inclined tube of the 
microscope when it is placed in position on tiie board. 
The tube of the camera sIiouIlI hu of the same size aa the 
tube of the mid'oscope, or larger. The junction of the 
two tubes must be made light tight. This may be 
accomplished by winding a black cloth arnnnd the tubes, 
ov an adapting tube of tin or brass, painted dead black 
on the inside, may be used C^ig. 52), The light to be 
used is aa ordinary kerosene lamp, properly placed to 
bring the flame in the optical axis of the microscope, no 
mirror being used, and adjusted to give a clear circle of 
light on the ground glass of the camera, One of the 
atti'actioua of photo-micrography ia the fact that the es- 
poaure can be made in the evening by lamplight. 

This simple arrangement ia advised for beginners. 
When some experience has been obtained, a sub-stage con- 
denser may be used; it will l)e required for the higher 
powers of objectives. The eye-piece may also he used; 
the only changes in the position of the microscope and 
camera will be those required to adjust the focussing. The 
time of exposure of the dry plate will, however, vary with 
each different arrangement of the apparatus. 

When the apparatus has been arranged as described, 
light the kerosene lamp and put out all other lights In the 
room- See that the circle of light on the ground glass is 
perfect. Place a mounted microscopic object on the 
stage of the microscope, and fasten it in position with the 
spring clips. Adjust the objective to about its working 
distance, and move the ground glass of the camera until 
the image of the object lb seen on it of such size as 
desired. The image ia much more distinctly seen if the 
ground glass is well shaded from the light. By changing 
the position of the ground glass and regulating the focus- 
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»ing of tho nbjtiiitivB to con-espoml. llie objei-'t may be pro- 
jrrlt'il (*ii Ut ttit) grotiml },'lii«H vtiriLmBly nmy^iiitii'il from a 
Very I'l'W (limnetu^rs Lu llic fulll ciipivciLy nf tliti gi-umifi ghiss. 

Wliijii 11 clrole of suitable size lias been obtalucd, foci 
Bli[iLi'[ily, liiTit with th« ccmrae adjust men t, theu witli th( 
liiii:riimeti(ir sci-ew. In Uie (iiial atljiiatiTjent of the focus. 
tho image on the ground glass should be viewed witli a 
lunid m<i.giiifyiiig-glivss. It is of advantage, too, to render 
thu grciuiul glu*8 more transparent by eeujentiug with 
Cuimda balwaiu one of the largo retitangular pieces of tliin 
ooviM-'gJass uaod in aerial raountd to the ground surface 
Snk-iii'itig the ground auiface of llie glass with glycerine' 
in aiiuUier jueans of accninplLSshiiig the same end. The_ 
imnge can then be much more sharply seen. Secure the 
sharpest image possible. 

It is now to be remembered thftt light rays are focusset 
R little nearer tho lens than the chemical rays. Opticians 
furnish ubjactivcs specially corrected for the chemical 
rays. If an ordinary objective is used, the ground gla^aj 
is stiu'tt^d liAck vwy slightly after the sliiirp image haai 
been obtained ; or, what will effect the same result and is) 
usually easier of accomplishment, the objective is slightly] 
nmved towards the object by means of the fine adjuat-J 
ment. All id now ready for the dry plats- 
Dry Plates. — Any of the reliable diy plates on the' 
niiirket may be used. The beginner is advised to take^ 
smne one of the popular brands^ as the Standard, Harvard, ! 
Eayle, or StJinley, and follow the advice of the niakyr in 
developing, using tha formula for devfloper furnished with 
the plates, continuing to use the same brand of plates and 
the name developer until a considerable degree of skill in 
their management has been acquired. After this, other 
plates and other developers may be used, if it seems desii-- 
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able. The beginner aliould not allow liiuiself to be con- 
fused by the many tlifferetit branda oi diy plates and by 
the multitude of developers ; nor shoidd be experiraeint in 
dilierent kinds until he has gained fiulTjcient experience to 
qualify him to judge of the merits of the various kinds. 
After a time lie may make nae of orthochjomatic plates, 
which are much superior to the crdi^iary plate for some 
classes of objects. 

Slow platea are better for th.e beginner than rapid ones, 
as slig-bt differences of exposure do not cause so great a 
change in the plate, and, the development being less rapid, 
the opei-ator Las more time to observe the changes. The 
Carbntt "B " plate gives excellent results. Platea 3| by 
4| inches in size are well adapted for practice -work. They 
give a picture of very suitable size for many objects, and 
are so iuexpensive that one does not hesitate to discard a 
negative that is not perfectly SHtiafactory and make another 
trial. The small plate is placed in a kit, and the kit in 
the plate-holder. Dry plates must, of course, be I^andled 
in a dark room. 

Exposure. — The plate-holder containing the dry plate 
having Ijeen placed In position on the camera, a piece of 
cardboard covered with Uack velveteen or othej- soft 
cloth is cai^efully inserted between the object and the 
objective in such manner aa to shut off the light entirely 
from the objective; it serves the purpose of the lens-cap 
in ordinary photography. With the high-power objectives 
the light must be cut off from below the stage, the object 
aJid objective being shaded from diffused light by means of 
a black cloth, or some niecbaiiical means of cutting off the 
light must be inscrtod in the eamem or the tube of the 
microscope. The slide of the plate-holder is now with- 
drawn, and \va are I'eady for the exposure. 
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No fixed rules cun be laid clown for the time of exposure. 
Kxpertence in general iiIintogr.i[i!iy is, of course, an advan- 
tage here, but it ta b)- no luuutia a preretjuisite. One 
without experience ia advised to make practice exposures 
at first. The time will vary with tlifEereut objectives and 
with the diiferent objects photographed. The average 
itime for the jtlioto-raicrographs reproduced in this boot 
lyiaA alwut eighteen seconds. They were photographed 
through A J-i]ich nbjyctivo, without condenser or eje-piece, 
ftud are inagnihed about thirty diameters; the dry plates 
were Carbutt " B." Using similar apparatus and a wood 
section as an object, the beginner is advised to expose four 
plates, giving them ten, fifteen, eighteen, and twenty 
secondfi, respectively. Develop, and take proofs to judge 
oJ" the results. Repeat this practice several times, until 
the length of exposure is approximately learned. The 
time, labor, i^nd expense of dfilng this Avill be well repaid. 

Measaremetit of Sagni&catioa. — After the exposure of 
the plate, remove the object from the stage o£ the micro- 
scope without disturbing any of the adjuatmentH, and put 
in its place a stage micrometer. With a pair of dividerB 
obtain the length of the image on the ground glass plate 
of the camera of any number of divisions of the microme- 
ter graduation. Apply the dividers to an accurate rule to 
find the exact length of the imsige. Divide this length by 
the known value of the divisions of the micrometer scale. 
P'or example, siipixjse a stage micrometer with a scale 
divided to hundredths of a n;ilUmeter is used, and the 
image of 10 of these divisions, as measured by the dividers 
and rule, is 7.5 mm. Then 7.5 mm., or 750 hundredths 
of a millimetre, divided by 10 hundredths of a millimetre 
gives 7o as the amount of the magnification. This method 
accurate result. 
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If a stage micrometer is not available, the magiiLfication 
may be roughly calcuLitiid, when the objeutive is the only 
lens useil, on the geometncal principle of similar triangles. 
The length of the object and the length of its image are 
the bases of two similar triangles of which the focal length 
of the objective is the altitude of one, and the distance of 
the ground glass from the optical centre of the objective 
is the altitude of the other. The bases are to each other 
as the altitudes. The focal length of the objective is 
known, and the thstauce of the ground glass fiom the 
optical centre of the objective can be measured more or 
less accurately. We have then the ratio of the altitudes, 
and this is the same as the ratio of the bases. Sup- 
pose> for example, that the objective has a foeal length 
of one-iifth of an inch, and the measured distance of the 
ground glass from the optical centre ta thirty inches. 
Then 30 -j- J = 150, the magnification of the image. The 
results of thi$ method are only approximate, owing to 
the difficulty of making an accurate measurement of the 
distance of the ground glass from the optical centre of 
the objective. 

Development. — The development must, of course, be 
done in a dark room. Any room is a dark room at night, 
and it is only necessary to provide a lamp giving ruby or 
yellow light. The plate is taken from the plate-holder, 
dusted lightly with a soft brush, laid film side up in a 
shallow dish, and about four ounces of the developer, pre- 
viously prepared according to the directions accompany- 
ing the dry plates, quickly poured over it with a sweeping 
motion to insure covering the whole surface of the plate 
at the same instant. The dish is gentlj rocked to prevent 
air bubbles or spooks of dust from clinging to the plate 
and interfering with the dcve\n^ii\e\A. 
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If the plate has lieeii properly exposed, the image will 
begin to upptav ill from twcuty to thirty secondB. The 
diivelopmeiLt is to be continued until the image begins to 
lose the bright yellow appearance, and until the exposed 
portions of the plate where there is no imnge are quilt- 
black when the plate is examined by transmitted liglil. 
The development must not be continued too long, or tUv 
plate will appear foggy and flat ; on the other hand, the 
development must not be too short, or there witl be a lack 
of detail and contrast. The directions accompanying the 
formula for developer for producing more or less detail 
and greater or less contrast should be followed. The 
whole development should require two or three minutes. 
Care should he taken that the temperatxire of th,e devel- 
oper is not far from 68° to 70° F. 

Some experience is necessary to produce good results. 
Written directions more than the above are of little value. 
Experience alone can teach. The pictures prod|.nced by 
hosts of amateur photographers throughout the (country 
show that good work ia within the reach o£ j patient 
workers. The development of a photo-micrograjjlivic nega- 
tive dififera in no respect from the developmen; t of an 
ordinary negative, and the fascination in makin^r repro- 
ductions of the minute thinga of nature on an *^^iilarged 
scale is not at all infeiior to the fascination exp^Briein;ed 
in reproducing the large things on a induced scale; g^ 

Fixing the Neg-ative. - — As soon as the negative a U "prop- 
erly developed, it ia washed thoroughly in clean w:^,^{ ^4,51. It 
is then placed in a sluillow dish, film side up^ a'iid[yi(; Qoverei 
with a solution of the hyposulphite of soda, stren,.g^(^ one- 
half pound to one quart of water. One-fourth i 
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alum may be added to this, if desired, to render jetlitlie film 
harder and firmer. The negative ia to remain in [ .1 := fix- 
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ing solution, with occasional rocHng, until at least one 
minute al'ter the opaque yellowness seen on the back has 
entirely disappeared. All the opemtioiia up to this point 
must be pei'foi'med in the dark room. The negative may 
now be exposed to any light. It is thoroughly washed in 
luiming water, if possible ; otherwise, place it in a large 
dish and change the water repeatedly. The washing will 
occupy from one to two hours, and it ia yery important 
that it be thoroughly done, as the hyposulphite of soda 
will tura the negative yellow and ruin it, if any remains 
in the film. After waslung, the negative is set on edge 
until it is thoroughly dried, when it is ready for printing. 

Priating'- — Silver prints are the most satisfactory. The 
ready sensitized silver paper of the dealers is not very 
reliable, and it is safer to obtain freshly sensitized paper 
of a local photographer. This paper will keep good only 
n few days, amd so must be used at once. It must, of 
course, be kept in the dark. It may be cut to tho right 
size with a sharp knife, placing the paper on a glass plate 
and awing a glass plate as a guide. This may be don^ by 
lamplight or in subdued daylight. 

Place a negative in a printing-frame, film side towards 
the back. As it is seldom desirable that the whole ex- 
posed portion of tlie plate should show in the photograph, 
a piece of yellow paper has a circular or rectangular open- 
ing cut from its central portion of the size desh'ed for the 
pictui-e. This cutrout, as it ia called, is laid on the nega- 
tive, a piece of the sensitized papur placed on it, coated 
side next to tlie negative, and the back of the printing 
fr,an;u placed in position, The negative ia now exposed to 
the direct sunlight. At short inturvala the progress of 
the printing is examined by turning the spring and Uftiug 
one part of the back of the printhig-fraTne. The paper 
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is SO held by the other part of the frame that it will fall 
back into exactly the same register after the examination. 
It would not do, of course, to change the position of the 
paper on the negative. This examination should be made 
in subdued light. The priut should be made somewhat 
darker than the photograph is desired to be, as it will fade 
somewhat in the subsequent processes. The print, on 
being taken from the frame, is placed in a closed box to 
protect it frora the light. When a number of prints have 
been made, they are ready for toning. 

Toning. — The prints are washed in four changes of 
water, remaining in each about ten minutes. The third 
washing water should have about an ounce of sodium car- 
bonate thoroughly dissolved iu each twenty ounces of 
water. The prints should be placed in each water face 
down, one at a time, that they may not cling together. 

Two solutions are needed : First, fifteen grains of chloride 
of gold are dissolved in fifteen ounces of water. Each 
ounce contains one grain of the chloride of gold, which is 
sufficient to tone about fifteen three by four inch prints. 
Second, one ounce of sodium acetate is dissolved in twenty 
ounces of water. 

The toning bath should be prepared at least twelve 
hours before it is to be used, and is made by adding one 
ounce of the chloride of gold solution and one ounce of 
the sodium acetate solution to eight ounces of water. 
Tlie temperature of the bath wlien used should be from 
75° to 80° V. 

Tniii.sfer the prints, one by one, face down, from tlic 
fmiitli wjisliiny; water to tlie tniiing solution. Keep them 
in miition. an<l I)c sure that they are not sticking together, 
IU' tlu;y will ton(! uiHivcnly. Tlic prints slumld be exam- 
iuud from time to time by transmitted liglit. When the 
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rcddiali brown color has given place to a rich purple, they 
ai-e sufliciently toned. They are then transferred to a dish 
of clean water. All of these operations may be pei'fornied 
in subdued daylight of by lamplight. The prints must 
now Im fixed by dissolving out the unchanged silver salt 
by means of tsodium hyposulphite. 

Pixing the Printe. — The fixing solution consists of one 
onuee of sodium hyposulphite dissolved in one quart of 
water. It should be freshly prepared, and used but onco. 
Place the prints in the solution, face down, one by one, 
and keep them in motion for fifteen minutes. This may 
be done in any light. 

Waehing' the Prints. — The prints are transferred from 
the fixing solution to water in whicli a little salt has been 
disaolved. The salt is used in this firat wash water to 
prevent the prints from blistering. After ten or fifteen 
minutea the prints are transfen-ed to clean wat^^r, which 
must be repeatedly changed at intervals for several hours. 
The best way is to place them in a vessel through which 
water can be kept running in a gentle stream. It is of the 
highest importance that the washing be thoroughly done, 
as the prints will turn yellow and fade if even a trace of 
the sodium hyposulphite is left in them. 

moimtiiig. — After the washing the prints are ready for 
mounting. Tliey may be mounted at once ; but as they 
have beqome very tender from the continuous soakings, it 
is better to allow them to dry first. They are then placed 
in a dish of water until they are wet enough to be pliable. 
Then they aie laid, face down, in a pile on a sheet of glass. 
Witli a smaU brush apply a thin coat of ordinary flour 
paste, or of a pa^^te made in thu same way from starch, to 
the back of the upper print. Place the print on a suitable 
»fard, and over it e, piece of blotting paper. With the hand, 
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or ft irtiall roller oovcroil wUH velveteen, press firmly on 
tho hhitUiig iHipvr, i'ul>biiig from the centre to the outeide, 
iiiiLiI tlir print i& in cbisti contact with the card at all 
[iitiiitM. I'laci* llio [ilsoLogmph between blotters and under 
ft weight untU diy, or, if a biirnislier is available, run it 
tltriiiij{Ii tlm huriiislier while still damp. It only remaius 
to ilILikiIi a Hiiitiiblu labul, aud the pboto-micrograjjh is 
fhiiHiicil. 

Omsga Pritita, — A special sensitized paper, known as 
OiiH^g^ii [liipLT, may be obtained of the dealers. It keejis 
froftli Ioii|i;or than the reiidy sensitized silver paper, and 
niity bii wmkuil with leas trouble. For these reasons, it is 
II fiivtiril'C papur with many amateur pliotographei*s. The 
print chirtoly ruHombles a silver print. It is printed upon 
in thti Himio way OS silver paper, but is toned and fixed in 
antn^do milution. whiuh may be purchased ready prepared 
with dii'omtidiia fnr use. The printa must be thoroughly 
wiwhod after toning. It is worthy of recommendation.. 

Bromide Printi. — Another special paper is known as 
brmiiidu p»p*'i'. It is very sensitive, and may be printed 
upon by lamplight. An exposure, varying with the den- 
sity of' tliu nogativo from ten to twenty aeconda, to the 
light of an ordinary kerosene lamp ig auflicieut. The 
image must bo developed and fixed in the same wa.y as 
tho imngo on a dry pliitc, using ferrous-oxalate developer. 
Expli;;it dii'ofliona fnr using accompany each package of 
thii) papm'. Tho prints are in blaclc and wliite, and are 
very durable. For some classes of photo-mitrographs they 
are superior to silver prints. 

Lantern Slides. — Lantern Hlides may be made by contact 
from the negatives of photo-micrographs in the same way 
aa fi'qiii ordinary negatives. The process is precisely the 
same as the process of making a bromide print, and is very 
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simple. Special, slow dry pla.ti3s, or positive plates^ are 
made for the purpose. In the dark vonva place one of 
these over a negative in the planting -frame so that the 
filma ai-e in contact. Tlie exposure is made by lamplight, 
and must be leiimed hy practice. It varies from live to 
thirty seconds, according to the density of the nega-tive. 
The lantarn slide is developed in the manner described 
for bromide priate with ferrous-ox alate developer. The 
formula for this developer accompanies the plates, and 
tnnj hUq be obtained from the cat:dogues of various deal- 
era in photographic aupplies. After development the lan- 
tern slide is washed free of the developer and fixed in 
sodium hyposulphite. The sodium hyposulphite must be 
thoroughly washed out, for the reasons which have alieady 
been given in connection with the other kinds of plates. 
When the plate is dry, it ia covered with a piece of tltin, 
clear glass, an ornamental mat being placed between to 
cut out the penpherftl portions, and the edges of the two 
pieces of glass are bound securely together by means of 
strips of black gummed paper. 




NOTE. 



Thb reproductions of photo-micrographs shown in the following 
plates were made by tlie half-tone pi'ocess, a process that gives a 
decided dark tint to the white ix>rtion8 of a photograph. A good 
photo-niicrogmph should show the structure of the object clearly, 
ftud nt the same time have an undarkeiied background. The photo- 
iniorograplis that are reproduced here have clear and brilliant whites ; 
the dui'k liiiokgrouml of tlie reproductions is due to the process used. 

These photiHiiirrosraphs are introduced to give those who are 
nut familiar with the work some idea of the results that may be 
olttaiued in low-jiower photo-micrography. IJescriptions of the plates 
will be found in the List of Illustrations, pages xv-xvi. 
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1. Grenacher's Borax Carmine. 

Water 50 c.c. 

Borax 2 grammes 

Carmine '.ItolJ grammes 

Heat until the carmine dissolves. Add an equal volume of 70 per 
cent alcohol, and let it stand 24 hours. Filter. 

Objects should be soaked in 35 per cent alcohol before staining and 
waijhed in same after staining. Excess of stain is removed by acid 
alcohol (alcohol, 35 per cent, 100 c.c. ; hydrochloric acid, 4 or 5 drops). 
This is a good Suid for staining objects in mass. 

2. Baumgarten's Borax Ficro-Carmine. 

This is prepared by adding picric acid crystals slowly to Grenacher's 
Borax Carmine until it takes on a bright blood-red color. ObJGcts 
are soaked in '{5 per cent alcohol before staining, and excess of ataia 
is Trashed out iu same. 

3. Orenacher's Alum Carmine. 

Water 50 c.c. 

Alum (ammonia or potash) . , 1 to 3 grammes 
Carmine } gramme 

Boil 15 to 20 minutes, cool, and filter. Add a drop or two of car^ 
bolic acid to preserve it. 

Objects should be soaked in water before staining, and washed in 
same after staining. Excess of staiu is tcwitiNeA\i-3 "w-^iKs. 

^29 
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Let the carmine stand in the amnnraia for 24 hours, add the picric 
acid Bolution, and let it stand anotht^r 24 hours. Add acetic acid drop 
liy drop until a slight precipitate perfiistft- Let it statid another 24 
houra and filter. The precipitate will not all be removed by filtflring. 
.'^dd iMnniOilia a drop at a time at luterval.'* of several hours luitil the 
jiieoipitatfl disaolvea and ths solution becomes perfectly clear. If the 
yellow stAin due to the picric acid is too prominent, it may be dirain- 
ished by adding minute qtian titles of acetic acid. If the red from the 
carmine is too prominent, it may be corrected by addiiijj ammonia. 
Objects shouJld be soaked in Water before staining and washed in water 
aiter staining ^ 



7. Iidrenthal'B Picro-Carmine. 

One per cent aolution of cauatiiB soda . 100 c.a. 
Cai-niine . . . > . ^ . . . . ^ .4 gramme 

Water 100 i!.c. 

One per cent aqueous picric acid ... 25 c,c. 



m Dissolve tba carmine in the caustic soda solution, filter, and add the 

■water. Then pour in the picric acid solution alowly. This will pro- 
duce a precipitate which will iu time nearly but not quite all rlissolve. 
If a slight precipitate does not persist, add a little more of the picric 
acid aolation, and filter several tunes. Object abould Tie soaked in 
water before staining and washed out in water after tjtabiing. 



a Orth's Itltblum CHimine. 

Saturated aqueous solution of lithium carbonate . 100 c.c. 
Carmine 2 grammes 

Sections may be passed from water into this stain. Excess of stain 
may be removed by washing in acid altoliol (70 jwr cent alcohol, 
loo ex. ; hydrochlorie aciil, 1 c.c). Thus naed, this is a gooA nuclear 
staiD- Without the washing in a«id alcohol, the stain is (juite diffuse. 
This stain k highly recommended. Oood double staining results are 
obtained by following this ^atain with an aqueous solution of piciic 
acid. Sections ^tauied ia litliiiiin carmine cannot be fixed to the slide 
with albumen fixative. 

r 
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9. MayeT's Cochineal Tincture. 

Alcohol, 70 per cent 10 c.o. 

Powdered cochineal 1 gramme 

Mix, let it stand some days, and filter. If the action ia too intense, 
dilute with 70 per cent alcohol. 

Objects should be soaked in 70 per cent alcohol before staining, and 
washed in same after staining. 



10. Kleinenberg's Hsematozylin. 

a. To a saturated solution of calcium chloride in 70 per cent 
alcohol add an excess of pure alum, and let it stand 24 hours ; filter, 
and add 8 volumes of 70 per cent alcohol. If necessary, filter again. 

b. Dissolve crystallized haematoxylin in absolute alcohol to satura- 
tion. Add this to the first solution until the right intensity of color 
is obtained. The fluid thus obtained may be diluted at any time by 
further addition of the first solution. Object should be soaked in 70 
per cent alcohol before staiuing, and washed in same after staining. 
Object must contain no acid, or the color will fade. 

Excess of stain is removed with acidulated alcohol (70 per cent 
alcohol, 100 CO.; hydrochloric acid, J c.c). Wash thoroughly again 
in 70 per cent alcohol to remove acid. 

An old solution is better than a fresh one. 



11. Qrenacher^s Heematoxylin. 

Mix 4 c.c. of a satm^ated solution of htematoxylin crystals in abso- 
lute alcohol with l.W c.c. of a saturated solution of ammonia alum in 
water, and let the mixture stand exposed to the light for a week. 
Filler, and iwld 25 c.c. of glycerine and 25 c.c. of methyl alcohol 
(wuufl spirit). An old solution is bettor than a fresh one. 

Object should be placed in water before and after staining. 



12. B(5Iinier'e Haematoxylin. 

(I. Dissolve .^5 j^riinnne of liii'niatoxylin in 10 c.c. absolute alcohol. 
b. DJBsulvc 2 giatiiuieH cf alum in lHO c.e. of witter. 



e. Add aoHiition a to solution h until a bright violet aolution is 
obtained and ullow the resulting soliiii<jii tu Hjjpu, protected from the 
duat but exposfld to the air, for two- ur tlu'tiL- w«bkB liefors using. 
Object shoLild lie treated with water Liefoi'e and after staining. 'I'liia 
in a good stain ior sectir^as of ohjiHcls that have beeji lixtid in corrosive 
sublimate, alcoliol, picric acid, and nitric acid. The aectiona stain well 
after they are fixed on the slide ^vitb Mjijer's albmneD Native. 

13. Heideuhain'B HEematoxylin. 

This is prepared by simply dlBsolviiig .33 gramme of hacmatoiylin 
in HH) C.C. of Tratier. This is a good etaiu for oX'jects id the luasB that 
have been fixed in picric acid or alcohol, or in chromic acid well 
waahpd out. Tlie objects are passed from water into the coluriiig 
solution where they r«niB.iii 21 hours; tli«y lire then [.iliiced in an 
aqueouR solution of neutral pctaasiuni chroiuate for'J4 hours, chanfjing 
the Rolution several tiiue^i. Waali in water and paas through the 
slqohola of gradually iucrtiafiing strength. 

11. Aniline Stains^ 

The aniline dyes give mure BatisfaAtory Tesults when used in alco- 
liolic sohition, though thfsy iTiay Ik usisd in wjttf ry solution. Make 
saturated solutions hi iiii ptir cant alcohol of fnchsin, llismarck brnwii, 
judiim green, methyl green, mt'thyl violet, and eosin. Fillur, tttid keep 
oa stock Holutions to be dilntt^d with 85 per cent alcohol or water to 
any di^sir«il dogree. Thoae solutions do not keep rery well. Small 
qnautitit!^^ tlinroforw, should liii prepared at a time. Exchhs nf titain 
should Yie discharged in 1)5 jicr cent alcohol. The specimen t^hoidd Im 
cleared in benzole or oil of cedur. Thi.' aniline t^tuiiiH are not very 
pBrnLincnt. Ohji-cts cannot be stained in them iii li>to, with the 
exception of Uisnaarck brown. 



15. Biamaxck Brown. 

DissnlvB 1 gramma of Bismarck brown in IftO c.c. of water by 
hoilliig. Filter, and ndd 33 c.c. of absolute alcuhid. Obit-cts nniy pass 
from wat<jr or dilute alcohol into this stain. Wa^li out with water, 
followed with alcohol. A good nuclear Gtain for objucta hardened i» 
chromic acid. 
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16. Safcacla, 

Pfltenpr'n mfliliotl of preparing tliesafranin iir todissolTC 1 graniine 
of tint NJifriktiiii ill JiKJ c.c. absol(it« alcohal. After some days add 
2(Hl QM. at wiiLiir. K<>ctio[js :ir» treated witli ilie stain for ^1 houn 
itml then wiuiliut! out in strong alcohol. This is a very fine uacleu 
jiLaitL l»r HHcliuiiH uf ulije^tHi tliat li&ve Iweii fixed ii] PIe[aniiag*fi 
mlcjUnn. If BPcli'iiiB wliicrh huve \>evn fixed iti Flouiining's solution 
nii<l ntfi.iri("<l in Nnffiuiin are treated witli acid alwculute alcohol (alcohol, 
ion o.u, J liydrioc-hli>rio iu;id, -^u to ,5 c-c), only the clu-omatiu of tlie 
nuokl wilt Tii^iiiniii cu1oi'(!d. 

ICipial v'lEitiiicH iif iitiilitie wnt«r »iid & strong .ilcoho)ic solution t£ 
Hiifi'ikiiin urn iili^o lii^lily n!i:iiini)i(>iid(>d as- s Ktaiti for Hgiiified and snlwr- 
laiiiJ cf'll'WiillH (if plants. The flpecimens should remain in the aUin 
oil" rir tw(] lioLH'H iLii'l Hhr>iil(l th^ii Iw washed out with qlcohoL If this 
Ntrkiri Ih< rulluwinl with mutlijl blue iu aqueous solutkn, a good double 
itoiti in obtolood. 

19. Oram'B 0-entian Violet. 

Cantian violet 1 granunv 

AlcoJjol , , 15 ce. 

Aniline oil 3 cc. 

Wsiter ...-....* 80-100 C.C 

Beations are allowpd to remain in tliis stain froia one or two 
miirateft up to Bevcral hours according to the loanner in which they 
have been fixed aiirl hardened. One or two minutes is often sufficient 
for Hpecirnens fixed and hardrancd in alcoliul ; ton or twelve hours may 
not be too much for HpecimcnB treated with flolutions containing 
chromic acid. Rlnne tlie nections in alcohol, and treat them for two or 
tiiree minutea with the fullowing aolution : 

Iodine 1 graniTne 

Fotaatfiuni iodide 2 grantmos 

Water 300 c,c. 

!Rmse again in alcohol and wash with seTeral ehaagea of oil of 
cloves, Ii eoeln he diaaolved in the oil ot cloves first applied, a good 
double staining ia obtaint^d on many tiasuies. Use only oil of tloves 
for clearing in this procuss. Tliis stain is highly recouuneDded for 
isolated biicterLa and for uuclei. 
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18. Dahlia. 

Ad aqueous solution stains the protoplasm blue or violet, leaving 
[the nuclei without much color, Subaequeut treatment with ctilute 
I acetic acid removes the color from the protuplasin aud gives a blue- 
'viukt colur to the nuclei. The atajQ should act ioi aome liouia aud 
' then be washed out mth alcohol. 



I 



19. Double Staina. 

For double staining the following combinationa are recommended : 
Carmine-hffimatoxyliii, carmine-dalilia, carmuie-picric acid, haiinatoi- 
ylin-eos:n, hfematoxyliii-picric acid, hieniatoxylin-safraiiiu, safraniii- 
methyl blue, Baftaain-geutiaa violet, sairaniu-met.hyl green, Bafraniii- 
picric acid, metliyL greeu-eosin, methyl green-fuchsiiij fuuhBiii-Bismarck 
brown, picro-carniiiie-methyl green. The carmine and iKematoiylin 
Bolubions are used cLccardiug to the directions already given. The 
treatRieub with the aniline stains should, as a rule, follow the treat- 
ment with carmine or hematoxylin. The aniline stains should be 
allowed to act for eume time, giring aa iateuse coloration which is 
washed out in alcohol. 



20. Fuchsin — Opal Blue. (Double Stain.) 

a. Dissolve .1 gramme fwclisin in 44 c.c. 05 per cent alcohol. 

b. Dissolve .1 gramme opal blue in 31) c.c. 9ij per cent aloohol. 
Cr For use, mis equal parts of a and b. 

21. Fhiohsla— lodlue Oreen. (Double StEiia.) 

a. Dissolve fuchsin in 50 per cent alcohol. 

fi. DissolvQ iodine green in 511 ppr cent alcohol. 

c. Add a to £>, drop by drop, uotil the color is violet. 



i 



22. aoh9IlLbanm''« CoUodioaTlxatlve. 

Ether-collodion 3 part 

Oil of cloves , , , , , 3 parts 

If this IB found not to work weli, increase the proportion of collo- 
dion. Place a thin coat of this on the centre of a dry slide ; place the 
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■eotion on tUi, ud pnw it flat with • piaoe at oiled Fipor; plHa 
thsilideiiithe water4wthiuitiltha oil of doTM haavrapontad. H 
theae detalla haTo bean properly attandad to^ the aeotion irill be flna^y 
bitened to the alide. The lUde may be pawed throng iiiuiwiiu 
lolatiotu, and the seotioD will not be loceened. H too maeh cf the 
fixative is tued, there will be a alight teodenqj to nlifmifiiMWi Tk 
flx^Te doaa not take borax-carmine ataio, bnt doea take hamatai^B 
to a small extent. This flxative ia more highly xeeomuneiided for 
objeats that hare been atuned in the man than for thqae to be atainad 
on the slide. 

aa. Mayers Albnman nzatlva. 

White of %g.. ........ 60 e.e. 

Glycerine SO 0.0. 

Sodium aalioylate 1 granuoa 

This flxativa is highly reoommendod fen- fixing aectiiHiB to he 
stained on the slide, and especially for ttuiae to be stained in tto - 
anilines. A little of the fixative is ai^ied to the slide with a bmah, 
the section is placed in position, uid the slide is plaoed in a water 
bath until the paraffin melte. Remove the paraffin with tnipentmc^ 
waflh in alcohol thoroughly to remove the last traces of glytniina. 
Thi»e operations are best done by immersing the slide bearing the 
section In vessels of turpentine and alcohol, giving time anoagh for 
thorough action. Then clear and mount in balaanu 

24. Oelatina FixatiTa. 

Dissolve 6 grammes of gelatine in 80 c.c. of 60 per omt acetio atnd. 
Then odd 5 c.c. of 05 per cent alcohol and 1 c.c. of glycerine. 

This solution is used to fix diatoms, scales of insects, and other 
sinnlar objects to the cover-glass or glass slip. Apply the fixative 
with a. lirimli and let it dry. After the objects are arranged, breathe 
carefully (in it. The moisture of the breath dissolves the gelatine 
suiricifMitly to allow tlie objects to be stuck to it after it has again 
hiinliiiiud. 

25. Transparent Cements. 

The cement iiscd in closing mounts should in every case be tran^ 
parent. When the mouut has been securely closed, and tlie tranfr 
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parent cement seasoned, colored cemeat may be applied. Reliable 
cenieuts may be obtaiimil ready prepared cif the dealers in microsco- 
pical supplies, and it is ptrhapa bettc-v to obtain them thus. All tbe 
cements prepared by itev, J. D. King^, Pli.l>., Cottage City, Mass., ave 
very reliable. 

Shellac c(>meut may be made as foUowa: Make a saturated sohition 
of bleached ^hellae in 95 per cent alcohol. Let thi^ S'Olution stand 
protected from the dust until, by evapriration of the alcohol, it ia re- 
duced lo the consistency of a tliiek syrup. Add a little turpentine to 
retidep th« cenieiit luss brittle. Much of the bleached sltullao on the 
martct is artiticial, and ia worthless for tJiia pii^rpoae. Only real shel- 
lac should be used, Sh'iillac dissolves very sloivly in alcohol. The 
bottle ahould he allowed to stand some days, and abould be occar 
sionally shaken. 

In applying the ■cement, keep tiw brush clean by frequently waRhing 
it in il5 per ce.nt alcohoL If the cement becomea too thick, it may be 
thinneiE with ii5 per cent alcohol. Titis cement in ej^pecially iiJiefu! 
for mouHta which are to be uxamiiied undur immersion iBoses. as the 
cedar oil of the immersion fluid does not act upon it, aa is tlie ca»e 
with most cements. If tbe inouiit.s hiive already been ringed with 
othfir cemetits, apjOy a light varnish of shellac cement. 

Berry's hard oil finisth, used by paijiters, IS highly recommended 
aa a transparent cement. 

26. Colored Cements. 

Colored cements may be made by adding to the transparent 
aheUac cement sufficient of a filtered saturated ."Hiliition in 05 per cent 
alcohol of fuchsiu, Iodine green, at opot blue, to give a atroug color. 

27. Preservative Media, 

a. Alcohol of above 70 per eeiit atren^^th. Befit iiaod after objects 
have been flied and hardened by one of the flgids given in miuiber 29. 

b. Formalin. 

Formalin 1 part 

Water 70 parts 

Chrome alum enough In give :i deep green color. 
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flow in nlowly. Ah Koon as the object settles into the clearing agent, 
pour off ttic>. mixed fluids and pour in a fresh portion of the cleariag 
agent. A giuat many different substances may be used. A few c^ 
those that are ntoat generally useful are enumerated : 

a. Oil of cedar. This Itt the best clearing agent for sections stained 
in aniline colons. It may follow 95 per cent alcohol, and it does not 
cause shrinkage of the objects. It is an excellent medium in passing 
from alcohol to melted paraflin and also in passing from alcohol to 
cliluroforni balsam. I'rolonged treatment with this oil clears celloidin 
HcctiouH, but it is not recommended for this purpose. 

b. Oil of origanum. This extracts aniline colors to some extent. 
It clears objecta taken directly from OS per cent alcohol. It is a good 
clearing agent for celloidin sections, but care must' be taken to use 
the pure oil. 

c. Oil of cloves. This is not reliable for objects stained in anilines. 
Neither is it to be recommended for use in passing from alcohol to 
paraflin, as it tends to make objects brittle ; it also mixes very slowly 
with the paraffin. If it is used to free from alcohol, it is better to 
follow it with turpentine, before i)lacing the object in paraffin. It is 
not to be used for celloidin sections, as it dissolves the celloidin. It 
quickly clears objects that have been treated with 95 per cent alcohol, 
and is a valuable clearing agent except for the classes of objects 
already mentioned. 

fl. Oil of tur]ientine. This clears objects taken direct from 95 per 
cent alcohol with a fair degree of rapidity. It has a tendency to 
shrink the objects, and also to render them brittle. In passing from 
alcohol to turjieiitiiie it is well to use first a mixture of two-thirds 
alcohol and one-third turpentine, then a mixture of one-third alcohol 
au<l two-thirds* turpentine, finally pure turpentine. 

c. Chloroform. This clears objects taken from 95 per cent alcohol. 
It ilissolves p;iriiHin viu'y readily. It is therefore a good agent in 
pjiKHin;; from alci.liol to piiruffin. A little siil])h uric ether mixed with 
till' chlnriiforni iinjiroves it for lliis nso. Care inu.st be taken to keep 
thi^ iilijri;t,s in mi'lti'il ji;ir,ifl(ii on the water-batii until all of the chloro- 
form has Ix'i'ii cxjii'llc'd. If this is not done, bubbles will form in the 
pinMllin r:(sl. ;is it, <'0(iIm, ri'nili'rinL;' it nrilit for ilsc. Chloroform is an 
exi'rllt'nl. <:lt';irin^' ii.gciil for ifffA un\» cut in i;i'lloi<liri. It is important 
tiuiL llii: si'clioris \n: wdl iIi'lLydriiliil licforc tlii' cliloroform ifi applied. 
Alcohol of !*;") per cent stren^'lh will drhydiaU' suHiciently, but it is to 
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be remembered that the alcohol of commerce is frequently below this 
strength. Resort must sometimes be had to what is known as abso- 
lute alcohol. Care must be exercised not to allow the sections to 
remain too long in the alcohol, or the celloidin will be dissolved. The 
chloroform is to be applied repeatedly until the celloidin becomes 
perfectly transparent. Chloroform balsam is then quickly applied, 
and tlie cover-glass is put in position. Chloroform may be used to 
clear sections cut in paraffin or in pith, but it is not especially recom- 
mended for these classes of objects. Use only the best chloroform. 

/. Carbolic acid. This agent clears instantly. It may be used 
even when tlie object has been very imperfectly dehydrated, for it has 
the power to drive out a considerable amount of water. It is there- 
fore a good clearing agent for celloidin sections. A considerable 
amount of shrinkage of the object is, however, liable to result. For 
use, the carbolic acid crystals may be dissolved in alcohol or oil of 
turpentine. A concentrated solution should be made in either case. 
The solution in turpentine is especially good. 

g. Creosote. Beechwood creosote is an excellent clearing agent, 
especially for sections cut in celloidin. 

h. Benzin, benzole, naphtha, toluol, and xylol may be mentioned 
as other good clearing agents. The dehydration must be very perfect 
before these fluids are applied. It is generally best to dehydrate in 
absolute alcohol, though with care 95 per cent alcohol will serve. 



33. Monnting Media. 

a. Canada balsam, pure or dissolved in benzole, xylol, or chloro- 
form. It is best purcliased ready prepared. 
h. Glycerine. 

c. Glycerine-jelly. It is beat purchased ready prepared. One for- 
mula is: 

Best gelatine 1 part 

Water 3 parts 

Glycerine 4 parts 

Soak the gelatine in the water until it is soft. Add the glycerine, 
and heat over a water-bath. Then add two or three drops of carbolic 
acid as a preservative. 

d. Gum arabic dissolved in water. Use for vegetable sections. 
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«. Ram arahic diwiolv^d in a saturated aqueous solution of potai- 
aiuiii acetate to the cotiHistency of a thick syrup. * (Thia is Hoyer's 
Medium for vegetable eections atained in aniline dyes.) 

/ Gum arable dissolved in a 11) per cent solution of chloral hydrate 
in water, and one-tenth the volume of glycerine added. (This ie 
Iloyur'i) Medium fur vvgetalile objects stained in carmine solutioDs.) 

g. (ium arabie dissolved in tur^wntuie, or in equal parts of turpen- 
tine and )>enzolu. This ia a substitute for Canada balsam, but is much 
inferior to it. 

h, Farraiit's Kledium for either animal or vegetable objects : 

Gum arabie 2 grammes 

Water 4 c.c. 

Glycerine 2 c.c. 

Dissolve the gum arable in the wat«r and add the glycerine. Stir, 
but do not shake, to effect solution. Strain through cloth, if necessary. 

i. Media for alga; and otlier green plants. No media are knovn 
that will perfectly preserve all delicate green plants in their natural 
color and without slirinkage. Some media work well with some 
plants but are useless with others. The following solutions are recom- 
mended : 

1. Camphor water. This is .simply a saturated solution of camphor 
in distilled water. 

2. Kirchner's fluid. This is made by dissolving chrome alum in 
dilute glycerine until a clear blue solution is obtained. 

3. Carbolic acid. 1 (kt cent solution in water. 

4. Chloral hydrate. 5 per cent solution in water, 

5. I'etit's flnid : 

AA'ater saturated with camphor . . 50. c.c. 

Water 50. c.c. 

Acetic ac ill (glacial) 5 gramme 

C'hliiriiii^ of copper (crysLillized) . .2 gramme 
Nitrate of ctijiper 2 gramme 

G. Goadby'.-f Ihiid : 

Common salt 120. grammes 

Alum CH. grammes 

Corrosive .subliiiiati! .25 gramme 

Water 2;i;kl. c.c. 
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7. Pacini's fluid : 

Water 1000 c.c. 

Common salt 10 grammes 

Corrosive sublimate 5 grammes 

8. A saturated solution of potassium acetate in water. 

9. King's fluid for marine algse : 

Corrosive sublimate ..... .258 gramme 

Alum 62.2 grammes 

Sea-water 2270. c.c. 

34. Solutione for Cleaning Olass Slips and Cover-Glasses. 

a. Borax dissolved in water. 

b. Washing soda (sodium carbonate, Na^COj) dissolved in water. 

c. Caustic potash (potassium hydroxide, KOH) dissolved in water. 

d. Potassium dichromate, KgCr^O^ . . 10 grammes 

Water 50 c.c. 

Sulphuric acid, HjSO^ 50 c.o. 

35. Adds. 

Sulphuric acid, HjSO^, hydrochloric acid, HCl, and nitric acid, 
IINOg, should be used in full strength when the acid is simply men- 
tioned. Special strengths of these acids have been mentioned for 
particular purposes. For ordinary use, the common commercial acids 
are sufficiently pure. If, however, the acids are purchased especially 
for microscopical work, the chemically pure acids should be obtained. 

36. Alcohol of Percentage Strength. 

In these pages, alcohol of a particular percentage strength has been 
required for many purposes. It is not always convenient to stop and 
compute the strength ; the following table is therefore added. The 
strength of ordinary commercial alcohol is assumed to be 95 per cent. 
It should be this, but often falls short of it. The table is computed 
not for mathematical accuracy, but for practical utility. It is suffi- 
ciently accurate for all the purposes described in this book. A few 
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ounces of calcium oxide (unslaked lime), calcium chloride, or copper 
BulphatQ to the gallon will dehydrate ordinary alcohol and render it 
practically al>solute. 









CaR 






'Pq iLf.iia 














OS % Aloohol. 


Water, 


l)f> % alcohol 


100 pai-ts 






parts 


00% 




06 " 






6 




80% 




80 " 






11 




82% 




86 " 






14 




W% 




84 " 






16 




7r.% 




79 " 






21 




70% 




74 '» 






26 




«r,% 




68 " 






32 




(H)% 




63 " 






37 




W)% 




53 » 






47 




40% 




42 " 






58 




;ir,% 




37 " 






63 




30% 




32 " 






68 





37. Iodine Solatlons. (Test for Staroh.) 

a> Iodine dissolved in water. The solution takes place very slowly. 

b. lodiau dissolved in alcohol. 

c. Iodine dissolved in a water solution of potassium iodide, KL 

38. Chlorzino Iodine. (Sohultze'a Solution. Test for Cellnlose.) 

Dissolve in hydrochloric acid all the metallic zinc that will dtssolTe, 
and evaporate to the consistency of a thick syrup. Add to this solu- 
tion all the potassium iodide, KI, that will dissolve. Then add all the 
iodine that will dissolve. Filter through glass wool. 



39. Ammoniacal Cuprlo Oxide. (Test for Cellnloae.) 

Dissolve in water all the copper sulphate, Cu.SOj, that will dissolve. 
Add to this solution caustic soda, NaOII, or caustic potash, KOH, as 
ioag as p 'is formed. Filter, and wash the precipitate in 
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water that has "been boiled. Place this greenish precipitate in a 
bottle and add just euoa^ih Htrong umtu^^tiia, NII4OU, to dissolve it. 
To test it, see if tibres of cnttoD will dissolve ia it. Keep in a darli 
plaue. Freshly siads salutioiis are best. 

40. BolutioBB uaed Id Photo-Miorogra.phj. 
tL Developer for Dry Plates ^Stanley's j. 

No. 1. 

Water 80 fiiud ounces 

Suiphuric acid 1 drachm 

PyrogaUic acid ■ 1 1 oz. Troy 

No. 3. 

'Water 80 flnid ounces 

Soriiutn carbonate 6 oz. Troy 

Sodium sulphite (crystals) .... 6 oz. Troy- 
Mis equal parts of No. 1 ftnd No. 2 for uae. The aauie portion of 
the developer inay be used to develop three or four plates. It gives 
greater iutuuaity after it has been used once or twice tlian when freali. 
If the exposure is kiiowu to have been too long, iiae old developer; 
if the exposure has betjn too short, UBS fresh developer. One i>art of 
fresh developer aii(! three parts of that which liaa been used are 
recoiTlUicniJed for ordinarj use on plates that have been exposed 
noTiiially. Use the developer at a temperature of 63'^ to 70° f . 



B. Ferroua-oialate Developer (Carbutfa). 

ITo. 1. 

Water 30 oimees 

Potassium oxalate 8 ounces 

Citric acid , , . . • 60 (rraiHS 

Citrate of ammcmia aolution ... 2 ounces 



(The citrate of ammonia solution is prepared as follows : Digaolvo 
one ounce of citric acid ill fivw ounces of water. Place a piece of 
litmiza paper in this solution and add ar[ua ammoiua until the paper 
loses its red color and is on the point of chau^ring to blue. Add 
eaouj^h water to make the solu'.iun up to eight ouucea. 
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Ko.i 
W»t4>r 33 oimcea 

Jriiii suljiliate 4 ounces 

Suljiliuric acid ....16 drops 

Xo. 3. 

Water 9 puis 

Potassium bromide 1 part 

Mis ffir uw t wfi (nincfs cif ^o. 1, one ounce of Xo. 2, one-balf onnce 
of »;it4T, aii'l ilire*^ li> fix -hops of Xo. 3. Tbis developer may be used 
for liiiji-rn i-liili-s au'l for l<riiiiiide prints. Temperature 6S- to 70" F. 

'■. l-iNiiiL; sf.liilit'ij. Fur uegatives. use one quart of water and 
oti<'-li:ili jx'Uiiil of sodium }iy]'>i«5iilphit4-. One-fourth ounce of alum 
may !•■■ ^ded t4t tliis to liardi-u tiif film, if desired. The addition of 
til" alum ;;;iY*'s ri>c to a precii-iiat*-. Allow this to settle and decaDt 
til.- tl'-ar solution for use-. Tlie alum may be omitted from the fixing 
R'luui'U. ami a sfpiirale solution of alum may be used to harden the 
iilm ;ifi-r ii ha^ l>t-t-n fixed, or tiieu>e of alum may be entirely omitted. 
In nif»i c;l«-s. exec j't in very warm weather, the film hardens saffi- 
ci'-miy wilhfiul tlic IreainK-iit with ahini. 

IV" fur fixii::; silvi-r jiriiit.-- one ounce of sodium hyposulphite 
di-.-.'ih— 1 ii, oin- iju;ir[ nf waii-r, Tlie prints remain in this solution 
fifi-'i-ii i[iiriiii'>. aii'i nri" iht-n Av;i>ht:'d for at least one hour in running 
wavr, li is of ilie lii;:lit-si im]>ortance that the washing be done 
tlj'.ir-,mi;lily, or ilie prini^ will Turn yt-llow and fade. 

d. ToiAtig soluiioii for silver prints. 

Xo. 1. 

Gold chloride IS grains 

\Vai£r 15 fluid ounces 

X:-. 0. 

.S'-:l;;Tn n'^eij:^ 1 ounce 

A^^,:;^ "211 ounces 

T:.-- ! ,'■ J ': .i:'. > 1 ■ ";■■:■ ■.:■■■; ."r". u: '.-. ..•: •ni-lve hours Wfore il is 

•..=■:■:. 1: .■....-.-■,-. : :N ,■..,.■,. -.i::,'i- of Xo. 2. and eiirlil 

(:.::i.'tj ■:■: "-^.i;-,:. '1 :.,> ,,i .;.:. ,- - /: . : r ,il"';il fifteen lhree-l>v- 

fi.-ur-::.i ;, j:.;.;>. \\ ..■ : . .- ; .,• : ..> ■>■.- ..'.■. "..v.L ;iiM anoihez ounce 
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of each of the solutions No. 1 and No. 2. Thia toning bath ■will ieep 
for some time, but is likely to spoil if kept too warm. Too great econ- 
omy should not be exercised in keeping it. Transfer the prints to 
clean water. 

41. Mucilage for Labels. 

Dissolve 100 grammea of gum arabic in 250 c.c. of water and add 
2 grammes of crystallized aluminium sulphate dissolved in 20 c.c. of 
water. 

42. Warm Stage. 

A simple but effective warm stage may be made from a strip of 
sheet metal six or eight inches long and tliree inches wide with a hole 
an inch in diameter at such a distance from one end as to coincide 
with the opening in the stage when the strip is placed on the stage, 
the free end projecting in front. The strip is held in position by 
the spring clips. The object to be examined is mounted in the 
usual way on a glass slip, and this is placed on the strip of metal. 
The free end of the strip is warmed by a Bunsen burner or an alcohol 
lamp. A piece of paraffin, whose melting-point is known, may be 
placed on the strip near the opening to serve as an indicator to 
prevent overheating tlie specimen under examination. 

43. Thermometer Readings. 

5 (degrees Fahrenheit — 32°) = degrees Centigrade. 
5 (degrees Centigrade + 32°) = degrees Fahrenheit. 

44. MetriC'English Equivalents. 

1 gramme = 15.4 grains 

1 ounce avoirdupois = 28,3 grammes 

1 ounce Troy = 31.1 grammes 

1 fluid ounce = 20.25 c.c. 

1 pint = 16 fluid ounces 

45. The Micron. 

The unit for microscopical measurements is the micron, represented 
by the Greek letter fi. It is sometimes called the micro-millimetre. 
1 /*=.001 millimeter = .000039 inch. 
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£iii. 


iin. 


lin. 


ito. 


18 


37 


196 


267 


20 


62 


286 


400 


37 


74 


892 


634 


62 


104 


670 


800 


74 


148 


784 


1068 



AID. 



S In. (A) 
Ijln. (B) 
In. (C) 
'III. (D) 
tin. (E) 



422 

826 

844 

1262 

1688 



b. Thb Gundlach Optical Co., Rocuester, N, T, 

tHUuDeters for tube length of 10 in. = distance from the upper 
m of the eye-lens of the eye-piece to the lower surface of the front 
at the objectivo. 



Msmi* 


sin. 


lln. 


JlQ. 


ill.. 


lln. 


iin. 


Jin. 


Aln. 


A In. 


liln. 
1 In. 
I In. 


30.6 
44 

67.3 


69 

99 

129 


107.3 

164. 

200.6 


145.6 

209 

272.3 


209 
420 
559 


372.3 

639 

702.3 


606.6 
869 
1132.3 


912.3 
1309 
1706.6 


1219 
1749 
2279 



e. Queen & Co., Piiila. 

Jl.dfauoeterB for a tube lengtli of 10 in. = distance from the back 
focua of the objective to the front principal focus of the 



^ 


a In. 


lln. 


iin. 


iin. 


Jin. 


iin. 


A In. 


r^. 




26 


60 


66 


200 


260 


400 


500 


600 


37 


75 


100 


.300 


376 


600 


750 


900 




76 


160 


200 


COO 


760 


1200 


1600 


1800 




100 


200 


266 


800 


1000 


1600 


2000 


2400 




160 


300 


400 


1200 


1600 


2400 


3000 


3600 
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46. Tnbe Lengtha and Thickness of Cover-Qlasses. 

It is unfortunate for usem of microscopes that the different makers 
have adopted quite different lengths of tubes and different thicknesses 
of cover-glasses. The objectivea of each maker are corrected for the 
particular length of tube and the particular thickness of cover-glass 
be has chosen, and will work with the highest efficiency only with that 
length of tube and that thickness of cover. The beginner needs to be 
cautioned to see that the objectivea he buys are corrected for the tube 
length of hia microscope. The following table may be of use : 



Uakee. 


TuBi-LiiNOTa. 


Thicknebb of Coveb- 

GI.ABS. 


Bauscb & Lomh Optical Co. 


160 and 216 mm. 




.16 mm. 


Gundlacb Optical Co. 


254 






.16 ■' 


Queen & Co. 


160, 180, and 2B4 






.16 " 


Leitz, Wetzlar. 


125, 160, and 180 






.17 " 


Zeiss, Jena. 


160 " 250 




.15, 


.16, and. 20 mm. 


Reichert, Vienna. 


160 " 180 






.15 and .18 " 


Nachet, Paris. 


146 " 200 






.10 " .125 " 


Beck, London. 


254 






.15 " 


Powell & Lealand, London. 


254 






.25 " 



47. Magnifying Powers of the CombinationB of Different 
Makers. 

o. Tim Baubch & Lomb Oitical Co., Rocokstek, N, T. 

In diameters for a tube length, of 8,5 in. = 216 mm, — actual length 
of the tube when the eye-piece and objective are both removed. 



Oil J Err [V EH. 


2 in. 


1 In. 1 1 In. 


Jin. 


iill. 


iin. 


iln. 


Jin. 


A In. 




'2 in. (A) ' 25 


40 50 


70 


17(! 


210 


265 


300 


670 


iij 


1.', in. (15) :i;» 


65 1 70 ' 1(12 


217 


205 


38.'> 


540 


846 


£ 1 


1 in. ((■) fiO 


80 , mo I 140 


.■jri;! 


420 


alio 


720 


1140 




:[ in. (1)J , 7(1 


110 1-10 


'JOr, 


4!)5 


r->m 


770 


1080 


1090 


1-4 


j in. (EJ . 100 

1 


160 200 

I 


'2m 


705 


840 


■1000 


1440 


2280 
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Objectives. 


21a. 


Jin. 


lin. 


ill.. 


Ala. 




1" 2 in. (A) 


18 


37 


190 


267 


422 




li in. (B) 


20 


62 


285 


400 


626 


B 


1 in. (C) 


37 


74 


392 


634 


844 




3 in. (D) 


62 


104 


570 


800 


1262 


M 


[ i in- (K) 


74 


■ 148 


784 


1068 


1688 



6. The GnKDLACii Optical Co., Boghester, N, Y. 

In diameters for tube length of 10 in. = distance from the upper 
surface of the eye-)ens of the eye-piece to the lower surface of the front 
lens of the objective. 



Objeotttis. 


2 In. 


lin. 


jin. 


J Id. 


Jin. 


Jin. 


Jin. 


Atn. 


AID. 




li in. 
1 hi. 
1 in- 


30.6 

44 

57.3 


69 

9!) 
129 


107.3 

154. 
200.6 


146.6 

209 
272.3 


299 
429 

559 


372.3 

6S9 

702.3 


605.6 
869 
1132.3 


912.3 
1309 
1706.6 


1218 
1749 
2279 



e. Queen &■ Co., Phila. 

In diameters for a tube length of 10 in. = distance from the back 
principal focus of the objective to the front piincipal focus of the 
eye-piece. 



Orjbctiybb. 


2tn. 


1 In. 


jiii. 


llQ. 


iln. 


iln. 


A in. 


^t. 




r I 


25 


60 


66 


200 


250 


400 


500 


600 


ii 

Si 


11 


37 


75 


100 


300 


375 


600 


750 


900 


III 


75 


160 


200 


600 


750 


1200 


1600 


1800 


H 


IV 


100 


200 


2U0 


800 


1000 


1600 


2000 


2400 


M 


I V 


150 

* — 


300 


400 


1200 


1500 


2400 


3000 


3600 
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d. Ebnht Leitz, Wetzlab, Gbkmaitt. 

Tn (lianiitturH for a tube leagth of 160 ram. = distance from the 
upIN^^ Hiirfaut! of the lower lena of the eye-piece to the upper surface 
of the upjNir leiis of the objective. 



OtUKfTTIVKH, 


No. 1 = 


No. S = 


No. r> = 


No. 7- 


No. 9 = 


A In. Im- 


A Id- lin- 




4-1 iiiiii. 


IM nun. 


G.b mm. 


S.2 mm. 


i.t mm. 


mertioa. 


; iiwr»lun. 







la 


45 


145 


260 


410 


400 


500 


ij 


I 


1(1 


67 


173 


330 


620 


510 


660 


P 


II 


20 


a^ 


220 


410 


630 


600 


800 




111 


Hit 


80 


250 


480 


730 


700 


1000 


IV 


28 


100 


S20 


690 


020 


860 


1160 




L V 


40 


140 


470 


800 


1280 


1200 


1660 



«. Carl Zeiss, Jena, GEBHrtirr, 

Tti (lifimntRrn for a tube length of 160 mm. = actual length of tube 
wliiiii tiid i!y''-l>i<Jccs and objectivcH are both removed. 

/(liw*' ohj(»;tiv<^H, oE a given focnJ length but of different numerical 
ajMirturex, give tlie name magnification. 



OMKimvKH. 




r 1 


s 


2 


a. 


3 


K 


4 


M 


G 







>i=^iii[i. 


Ai=2iii. 


li = )1n. 


C = JlD. 


D = Jin, 


F= A in. 
Dry. 


^t. 


7 


37 


60 


106 


175 


416 


386 


10 


50 


85 


145 


240 


586 


5.30 


16 


70 


115 


200 


326 


790 


730 


20 


00 


145 


2(55 


420 


1000 


926 


— 


IIT) 


185 


.S26 


540 


1275 


1180 



/. Oaiii. Kkiceietit, Vienna. 

Tn <liri!ii('t.frs for a tulio Icii^Ui of I'll) nmi. = distance from the 
iip|»'r |i-Lis of I III! i'y('-|iieco to the lower end of the tube when the 
oWieut.ive i.s rcniovud. 
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OBjaCTITBg. 


No.0 = 

■iiia. 


No. 2 = 
lin. 


No. 3 = 
iin. 


No, 5 = 
iin. 


No. 6 = 
iln. 


No. 7- 
iin. 


No. 9 b 

A in. Dry. 


No. 18= 
11. Im. 




r I 


10 


30 


50 


120 


170 


250 ' 


430 


600 


1 


II 


12 


35 


65 


145 


220 


300 


450 


600 


13 
a- ■ 


III 


10 


40 


80 


170 


250 


340 


620 


750 


S 


IV 


22 


50 


100 


210 


340 


440 


800 


060 


M 


V 


_ 


70 


130 


280 


380 


670 


1100 


1250 



g. Nachet, Paris. 

In diameters for a tube length of 1+6 mm, = distance from the 
npper surface of the upper lens of the eye-piece to the lower end of 
tube when the objective is removed. 



Objictivkb. 


Ko.2 = 

Sin. 


No. 8 = 
lin. 


No. 4 = 

iln. 


No. 5 = 
iln. 


No. 6 = 
iln. 


No. 7 = 
iln. 


No. 8 = 
A In. 


No. 9 = 


i 

a . 

I 

m 


1 
n 

III 

IV 


30 
40 
60 


80 
100 
140 
200 


110 
180 
220 
300 


180 
260 
360 
500 


300 
400 
660 
780 


300 

660 

780 

1080 


510 

740 

900 

1600 


650 

980 

1460 

2100 



ft. R, & J. Beck, London. 

In diameter.s for a tube length of 10 in. = distance from the focus 
of the upper lens of the eye-piece to the upper surface of the upper 
lens of the objective. 



Objectives. 


Sin. 


J In. 


A in. 


iln. 


ili>. 


iin. 


A in. 

ll. Im. 


lt.t. 




r I 


20 


70 


120 


200 


225 


400 


500 


750 


g 


n 


38 


120 


210 


340 


400 


C80 


870 


1200 


£ ■ 


III 


70 


220 


370 


690 


700 


1180 


1600 


2260 


c 


IV 


86 


270 


400 


720 


SCO 


1440 


1850 


3000 


w 


V 


130 


410 


710 


1120 


1450 


2240 


2800 


3760 
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kJbbe sub-«tage condenser, SOL 
hj>be cunera lucida, 31, 32. 
kberrKtion, spherical, 10, 11. 
Wcessories, 24 et atq. 
\i»tic acid, 78, 81, S3, 336. 
Ikchromatic lens, 11. 
%tii, acetic, 78, 81. S3. 336. 

carbolic, 75, 117, 181. 22H, 2«. 

chromic, 74. 75, 8>>. 144. 

hydrochloric, 70, 73, 75, 78, 86, 107, 
lie, 118, 137, 181, 315. 

nitric, 70, 106, 181, 239, 211, 215. 

osmic, 124, Tab. 

picritr, 124. 

iricrt^olphniie, 134, 146, 239. 

SDlphnric, 75, 81, 107, 108, 181, 2tS, 
247. 
Adds, 215. 

Adjnstable objectives, 26, 63w 
Adjustment, coarse, 15. 

collar, 24, 63. 

fine, 15, 63. 
Aerobic bacteria, 193. 
Agar-agar, 188, 190. 
Air bnbbles, 61, 67. 
Albamen fixative, Maver's, 127, 236. 
Alcohol, 72, 7«, S*-', iO. 101. 115, 116, 
118. 121, 133, 139, lo3, 23», 2U>. 

absolate, 90. 

acid, 86, 134, 229. 

of percoitage strength, 245. 
Alum carmine, 229. 
Ammmis, 107. 

oarmine, 230. 
Ammoniacal capiic oxide, 74, 246. 
Anaerobic bacteria, 1!(3. 
Analyzer, 46. 



An^ea, of crystalB, measnremsnt of, 

164. 
Angnlar apertnre, 28. 
Aniline chloride, 75. 

stains, EC. 116, 118, SS3. 2», 235. 

sniphate, 75. 
Animal specimens, 79 etMf., l3Sttaeq. 

tissues, sections of, 82, 106. 
delicate, 143 et teq. 
Animalcules, 79. 
Anisotropic snbstances, 55^ IGS. 
Apertnre, angular, 28. 

nmnerical, 28. 
Apochromatic objectives, 11, 199. 
Arachnoidisau Ehnnbergii, SI, GdL 



Bacillns, 173. 

comma, ol cholera, 183. 

of the teeth, 176, 177. 
prodigioaut, 174. 
tuhlilii, 178. 
tvb«ri:ulosit, 180. 181, 185. 

Ehrlich's Method for, 181. 

Ziebl-KeeUen Carbol-Fochsin 
Method for, ISL 
typhoid, 182. 185. 
Bacteria, 171 el teq. 
aiirfibic, 193. 
anaerobic, 193. 
chlorophyll in, 174. 
cilia of, 175. 
colors of, 174. 
described, 172. 
isolation of, 192. 
motion of, 173. 
of the teeth, 176, 177. 
pathogenic, 176. 
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Bartcria, protoplasm In, 173, 1T4. 

imtrefiu-tive, 177. 
Balautu, Caiiodu, 7, IH, 40, 84, 86, 89, 

\», iW, KRi, 117, IIH, 137, laB, 140, 

INi, lUO, im, 24U, 244. 
mountiDKiii, 8t). 
BHTiana, BcalKrifonn vessels in, 70. 
Hnse, of microscope, IS. 
BatL, water-, 41, 43, 91, 130, 137, 138, 

140. 
Baumgarten's bonu plcro-cftrmtn*, 

Beale'B carmine, 2;iO. 

BeKKiatoa, 174, 178. 

Kelt-Ktassra, I'll. 

Benzole, Wl, iC, 101, 104, 114, 118, 243. 

balHam, 8!>, loi, 118. 
KerKiimot, oil of, 114. 
Illrefrinfrcnt subHtanc^, B!i. 
Bisniarik lirown, 85, 179, 180, 233. 
Bleaching agents, 72. 
BIoo<i, 8:{. 

circulation of, in frog's foot, 80. 
Bono, 86. 

Bfthmer's hipmatozylin, 232. 
Borax, ilK, iWi. 

rarniiiu'. 81, S.*!, 101, 104, 118,229. 

Baiitii^'iirti'ii's, 'J^£'.\. 

(iretiaclior's, 118, 134,229. 
Botiiiiical ui'(;tioii9, 109 et seq. 
Bouillon cultures, IIM. 
Bromide prlnt.s, 210. 
Bniiviiiaii movement, CI, 175. 
Bru.sh, camel 's-hair, 18, 71. 

RiXlier, '.n. 
Biibliles, air, {il,fi7. 
Bull's-eye condenser, 60. 

C. 

Caleiiim dilori.Ie, 122, 246. 

liyi»icliUiriie,71*, 101. 116. 
(:amcls-li;iLi- brush, IH, 71. 
CiliiiiTa liu-irliL, ill. l!Ri. 

hirid;i. Al.lic. :!l,;i2. 

phntii^'r;i|)liic, 21)11. 
(';ini|>hi>r watiT, LMl, 
Cilii:iil;i lial:i;ini, 7. 18, 4.'), Rl, fifi, 81>, 00, 
IKi, HI2, 117. lis. 1;17, lli8, 140, 
la;, HH), Ilil, 24;i, 244. 



Carbolic acid, 75, 117, 181, 229. 244. 
Carbonic acid gas, freezing witit, U&. ' 
Care of microscope, 16. 
Carmine, 116, 138, I^iS, 140. 

alum, 229. 

ammonia, 230. 

Beale'B, 230. 

borax, 81, 83, 101, 101, 118, 229. 
picro-, 229. 

Gerlach's, 230. 

Grenacher'B, 118, 134, 229. 

Lowenthal's, 2:tl. 

Orth'B lithium, 231. 

Weigert's picro-, 230. 
Carrot, 71, 82, 112, 188, 194. 
Cartilage, 80. 

Caustic potash, U, 74, 98, 101, 103, 241, 
24fi. 

soda, 107, 241. 
Cedar oil, 7, 104, 118, 119, 127, 136, ISO. 
Celloidin, Imbedding in, 114, 119, 12S, 

136, 139, 149. 
Cells, cement, M. 

epidermal, 70. 

glass, 96. 

metal, 96. 

mounting in, 94, 96, 194, WH. 

paraffin, 95. 
Cellular tiSHue, lignified, 75. 
Cellulose, 74. 
Cements, colored, 96, 97, 237. 

transparent, S3, 96, 97, 236. 
Chemical crystals, 63, 84, 55, 153 et feq. 
Chlaral hydrate, 244. 
Chloroform, 89, 113, 114, 117, 118, 120, 
127, 135, 136, 1.S8, 140, 163, 243. 

balsam, 89, 118, 136, 243. 
Chlorophyll, fB, 77. 

in bacteria, 174. 
Chinrzinc iodine, 74, 246. 
Cliolera bacillus, 182. 
Oiromatnphores, 76, 77, 
Chromic acid, 74, 7'., 80, 144- 
Cilia, of biicteria, 175. 

ppitlii'liuni, 87, 88. 
Cladoihrix. 173. 174. 
Cle.iJiinK ijlass sli|is and cover-glasses, 
ys, !Ki, 245. 

Hiides.'ll. 
Clearing, 1«. 
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Clearing ^ents, 241, 242. 
Cleavage, in minerals, 164, 168. 
Clips, spring, 15, 91. 
Cloves, oil of, 7, 90, 114, 117, 118, 120, 

135, 137, 138. 
Cochineal, Mayer's, 232. 
Collar adjustment, 24, 63. 
Collodion, 128, 129, 136. 

fixative, 42, 105, 127, 136, 138, 139, 
235. 

process, 128. 129. 
Colors, complementary, 60,61,62, 163. 

in thin platea, 49, 50. 

of bacteria, 174. 

primary, 5. 
Comma ttacillus, of cholera, 183. 

of the teeth, 176ri77. 
Condenser, bull's-eye, 60. 

immersion, 30. 

sub-stage, 29, 30, 62. 
Conjugation, in Spirogyra, 68, 69. 
Copper sulphate, 122, 246. 
Corrosive sublimate, 125, 187, 192, 194, 

245. 
Cover-glass, 20, 98, 99, 101, 245. 

case. Cole's, 99. 

cleaning of, 98, 99, 246. 

gauge. 22, 23. 

iufluenco of. 20. 

preparations, 84, 179, 193. 

thickness of, 20, 250. 
Crenothrix, 173, 174. 
Cross, dark, 52, 53, 166. 

white, 52, 1(50. 
Crystals, 43, 44. 

angles of, 164. 

biaxial, 43, 166. 

chemical, 63, 61, 66, 153 et teq, 

hexagonal, 1C6. 

in rocks, 1G3. 

isometric, 165, 

monoclinic, 166. 

orthorhombic, 166. 

plant, 78. 

tests for, 78. 

tetragonal, 106. 

trlclinic, UK. . 

uniaxial, 43, 166. 
Cnltares, at elevated temperatures, 
191. 



Cultures, bouillon, 194. 

banging-drop, 194. 

methods, 185 et tej. 

milk, 193. 

plate. 191. IM. 

potato, 194. 

pure, 193. 

test-tube, 190. 

without oxygen, 193. 
Cupric oxide, ammoniacal, 74, 246. 
Currents, 61, 67. 
Cutter, section, 37. 
Cutting sections, 71, 136. 

D. 

Dahlia, 235. 

Dehydrating vessel, Schultze's, 122. 
Dehydration, 90, 113, 116. 
Developer, ferrous-oxalate, 210, 247. 

Stanley's, 247. 
Development, 206. 
Diaphragm, 10, 15, 33, ."58, 63. 
Diatoms, 57, 105, 106. 107, 108, 236. 
Dispersion of light, 4, 14. 

in lenses, 10« 
Dissecting microscope, 12, 35, 36, 67^ 

lot. 

needles, 35, 67, 101. 
Double-refracting objects, 6S. 

stains, 235. 
Draw-tube, 15, 22, 59. 
Dry mounting, 94, 157. 
plates, 202. 

development of, 203, 206. 
ortlioulmmiatic, UK), 203. 
Dust, removal of, from lenses, 16. 



Ehrlich's Method for tubercle bacilli, 

181. 
Emery, lf». 
Eosin, 2:(3, 234, 2.15. 
Epidermal colls, 70. 
Epithelium, 87, 88. 

cilia of, 88. 
Ether, the. 1,2, 43 p(M5. 

sulplmric, 135, 153. 
Exi>osure in photo-micrography, 203. 
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Eyp-lens, 14. 
Eyf-piiT)'. 13. 14, 15. 

liuyttliuuiati, 14. 

iiiicronittcr, 15, 33. 

iiepiUvu, IS. 
Eyos, proper use of, 58, 69. 



Farrant'9 mountinR medium, 244. 

Funis, prothallia of, 77. 

B<-alarifi>riii veMsels in, 70. 
Bpi>rcs I'f . 70. 
Fibri!. niusciilar, atriped, 81. 

inistripe(l,82. 
Ficld-luiiH, 14. 
Filter paper, 72. 
FmiahinjjMli'lPs, 96,97. 
Fixative, KcliHine, 10(1, 23fi. 
Mayer's alUiimcn, 127, 236. 
Scli'iillibaum's, 105, 127, 136, 

2:i5. 
shellac, 140. 
Filing, 145. 

negatives , 206. 
silver prints, 209, 
Fluids, Erlirki's, Iffi, 240. 
tixuiji and hardening, 239. 
Flcmminfc's, 145,239. 
Goadby's, 244. 
killing, 2:tH. 
KiTi«'M,245. 
Kir.'liner's,244. 
niafrcratiiij;, 241. 
Merkel's, 12.1, 144, 238, 239. 
MiilUT'.s, V2.% 240. 
Paciui'.s, 24.5. 
Purciiyi's, 239. 
Pi'tit's, 244. 
RaljI'.i, 239. 
1iiiii,!i3,!).1. 
Wickcrslii'iiiK^r's, 238. 
Furr'-'jis, 70. 101. 
Fi,niiii.lni. 112,2:17,2:18. 
Fiissil.'i, 1112. 

Frci'/iii;.' prnrc'sscs, 1^51, 140. 
Kri'Sli iibjr.'ts, 115 t' .'■■'■'/■ 
Kri>!;. I>l'iiid "U ^", ^*' "■''■ 
I'lirlisiii.S.".. 1711. 180, 2;!5. 
Fungi, 70. 
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a. 

Gaoge, cOTei>glaw, 22, 23. 
Gelatine, 154, 188. 

fixative, 106, 238. 

medium, 188. 
Gentian violet, Oram's, 234. 
Qerlftch'B ammonia carmine, 230. 
Glass, cover-, 20, 98, 99, 101, 246. 

slip, 19, 98, 99, 101, 240. 
Globules, oil, 61, 67. 
Glycerine, 61, 72, 93, 96, 117, 118, 137, 
138, 139, 168, 236, 243. 

jelly, 92, 93, 96, 117, 118, 137, 138, 
139,243. 
Goadby's fluid, 244. 
Gold chloride, 208, 248. 
Granite, 160. 
Green, iodine, 101, 235. 
Grenacher'a carmines, 118, 134, 229. 

hnmatoxylin, 232. 
Gum arabic, 243, 244. 

H. 

HffimatoxyHn, 76, 81, 116, 139, 14a 
Biibmer's, 232. 
Grenacher'B, 84, 138, 232. 
Heidenhain's, 233. 
Kleinenberg's, 84, 106,134, 137,138, 
232. 
Hairs, 61, 70, 75, 102. 
Hanging-jrop culture, 194, 
Hardening, 82, 112, 121, 133, 143, 146. 
fluids, 82, 121,133, 145. 
ol animal tissues, 82, 133, 145. 
vegetable specimens, 112, 121. 
Heidenhain's htematoiylin, 233, 
Homogeneous immersion objectives, 
at, 26, 62. 
fluid, 7. 24, 26,62. 
Hoycr's mounting media, 244. 
niiyglionian eye-piece, 14. 
Hydrochloric acid, 70, 73, 7.'>, 78, 86, 
107, 110,118, 137, 181,245. 

I. 

Iceland spar, 7. +4, 45. 

Imhe<iding. in relloldtn, 114, 119, 128, 

lai, 13'J, 149. 
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Imbedding, in collodion, 128 et aeq, 
paraffin, 112, 113, 118, 127, 130, 148. 
aoap, 115. 

Immersion objectives, 24, 26. 

Indifferent media, 240, 241. 

Ineecta, 102, 103. 

Inulin, 78. 

Iodine, 73, 74, 76, 77, 240, 246. 
green, 85, 101, 104, 233, 235. 

Isotropic substances, 55, 1G5, 166. 

K. 
Killing, 144. 

King's fluid for marine algffi, 245. 
Kleinenberg's hatmatoxylin, M, 105, 
IM, 137, 138, 232. 

Ii. 

labels, 98. 
Lantern slides, 210. 
Lenses, achromatic, 11. 

apocliromatic, 11. 

dispersion in, 10. 

double-convex, 8. 

eye-, 14. 

tield-, 14. 
Leptothrix, 173, 177. 
Light, 1 etaeq. 

best kind to use, 58. 

defined, 2. 

dispersion of, 4. 

path ol, 3. 

sources of , 2. 

Undulatory Theory of, 1. 

wave-lengths of, 1, 2. 
Lignifled cellular tissue, 75. 
Lithium carmine, Orth's, 231. 
Litmus, 189. 
Lowenth&l's picro-carmine, 231. 

M. 

Haceifitlng fluids, 241. 
Maceration, 70. 
Magnifying powers, 250 et seq. 
Manipulation, 57 eC »eq. 
Matter, Molecnlar Theory of, 1. 
Mayer's albumen fixative, 127, 236. 
Mayer's cochineal, 232. 
Media, indifferent, 240, 2iL 



Media, macerating, 241. 

mounting, 243, 244. 
Merkel's solution, 126, 144, 238, 239. 
Methyl violet, 179, 180, 233. 
Metric-English equivalents, 249. 
Mica plates, 49, 50, 54, 55, 167, ItiO, 193. 
Micrococcus, 173. 
Micrometer, eye-piece, 15, 33. 

stage, 33, 2M. 
Micrometry, 33, 204. 
Micromi Hi metre, 34j 249. 
Micron, 249. 
Microscope, care of, 16. 

compound, 13. 

dissecting, 12, 36, 67, IM. 

parts of, 15. 

selection of, 16. 

simple, 11, 12. 
Microtome, 38, 39, 40, 41, 111. 

Mi not 's automatic, 150. 
Minerals, cleavage in, 164, 168. 
Mirror, 15, 58, 5i), 60. 
Molecules, 1, 2, 43. 
Monorefringent substances, 65. 
Mounting media, 243, 244. 

objects, 89 et seq., 136 et seq. 

practice, 101 et seq. 
Mucilage for labels, 249. 
Mucor atolonifer, 70. 
Muscular fibre, striped, 8L 

unatriped, 82. 

N. 

Needles, dissecting, 35, 67, 101. 

Negatives, 205, 20(i, 207. 

Nicol prism, 45 et seq. 

Nicotine, 14^^. 238. 

Nitric acid, 70, lOG, 181, 239, Ml, 246. 

Nose-piece, !.'>. 

Nucleolus, 70. 80. 

Nucleus. 7C, 81. 86. 

Numerical aperture, 28. 

O. 

Objectives, 13, IB. 
acliromatic. 11. 
adjustable, 26, 63. 
apocliromatic, 11, 199. 
homogeneous immersion, 24, 26, 62* 
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Olijectlves, praraationN in bantllttig, 18. 

wat«:r Iniini-ntion. '£i, ti2. 
ObJei-tH, tri;H)i, methods of studying, 
iiT) et frq. 

opaqtKs GO. 
Oriiliir. 14. 
OllKlolmU'it. Cl,f)7. 

of ciMliir. 7. KM, 118, 119. 127, 135, 180. 
Oni<-f;ii priiitH, 'IVi. 
()]>nl blm>, -SX,. 
OriKiiiiiiiii, nil of, 117, 242. 
Orlli'H Lilliiiim ciirmiue, 231. 
UHiiilc acid, 124, •SSH. 

P. 

Fu<tlui'8lluid,24S. 
l'a|M-r, Molting, 72. 

iiltcr, 72. 

rTtkt•alleN(^ IH. 
I'ariilliii, H2, i«, !)B, 112, 113, 114, 118, 
127. i:i:>, 137, 138. 

ImbiMMing lu, 112, 113, 118, 127, 135, 
UH. 

moiildH. 113. 
Pwli'siH, 1)2. 
I'.-llii'l.-, 177. 178. 
I'liri'iiyi's lliiid. 239. 
I'titit'H lliii<1,2ll. 
riii'Hiihiiri'wenec, 174. 
I'liotii-iiiiiTii^riLpliy, 1!K) ct seq. 
I'iiTir Jifid, 124. 

I-icTci-Hiil|iliiiriR !u-id, 124, 14l>, 239. 
l'illi.71,H2. 112. 

)'tiiLil tissues. (I<>lit>»l<?, 120 et seq. 
riali- i-iillnrcN. I'.U, 1!M. 
flutes, dry, 'Ji 12. 

nii.'ii, til, r,n. .-it, r>n. \r,7, im. io3. 

t'h-iini.<i!iiiiii 'in'iiil'itnm, 'i7, (iO. Ct2. 
!'ol;iri/<-(i liulii. f.i ft svq., 74, 78, 155, 
ir.7, ii^i. ir,;t, kw. 
iisi'S iiT. ."i", .14. 
I'ii]ari/cr, t(l. 

l'o(;i«iiiiii ni'i'lnlp. 21 1. 

.■Iilonilc. 70. UW. l.f,!, 241. 

clirlii-nniiit.'. '.C: lltli. 1U7, 154, 240. 

Iiy]iii<'hli>iiti'. 'Jll . 

iodide, i:-. ir,A. lMii. 
Practice mouDtin;;, H'l (■( .seq. 



Prapantiona, eoTer^lass, 81, 179, BE 
Preservative inedla, 237. 
Prints, bromide, 210. 

omega, 210. 

silver, 207, 206, 200. 
Prism, 3 et teq. 

Nicol, 45 et teq. 
Protoplasm, 76, 76. 

in bacteria, 173, 
Pure cultnres, 193, 
Putrefactive bacteria, 17T. 



Rabl'B flnid, 239. 
Kaphides, 78. 
Raztir, G.% 71, 111. 
ReHection, total, T, 4K. 
Hefractiuu, doable, 40. 

index of, 5, 6, 7. 

of light, 3. 
Rhubarb, scalariform vessels Id, 71. 
Kotrk sections, rA, 169 et acq. 
Boiling sand, 168. 

8. 

Snccharfimycea cerevisim, 69. 

6af ratlin, ZH. 

Salicin, 53, UA, 156. 

Salt solution, 81. 

Santonin, IM. 

Scballiliaum's collodion fixative, 4! 

lOi, 127, 136, i:i8, 139, 236. 
Schizomycetos, 172. 
Scimltic's dehydrating vessel, 122. 

mace rati nfi mixture, 70, 241. 

Biiluiioii, 74, 75, 246. 
Soct ion-cut tyr, .37, .T8. 
Soction-cuttine, 71, 136. 
Swtioii-lifler. 71. 
St'i'l ii)ti-sinooIliiir, l-TS. 
Si'i'lions of .a?iimal lissues, 82, 105. 

of vfi;oi:il)li! Kubslances, 71, 1(H 
in."i, ion ,-l spq. 

radiiil, KHt. 

riM'k. .")!, 15ii "l xi-q. 

serial. l."1, 1-I!I et seq, 

tiin^'ciitial. in<l. 

(raiisvt'r.so, 100. 
Si'dimoiil, walcr,79. 
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Selenlte, 64, 157, 160. 

Serial aections, 131, 149 el seq. 

Shellac cement, IfiS, 237. 

fixative, 140. 
SUicifled wood, 162. 
Silver prints, 207, 208, 209. 
Single-refractiiifi; olijects, 65. 
Slides, clcaninR of, 91. 

finishing of, 9G, 97. 

lantern, 310. 
Soap, imbedding in, 115. 
Soda, caustic, 107, 'HI. 
Sodium acetate, 208, 248. 

carbonate, 189, 194, 247. 

hypochlorite, 72, 101, 116. 

hyposulphite, 20(i, 207, 209, 248. 
Spherical aberration, 10, 14. 
Spiral vessels, 70. 
Spirilla denti^im, 177. 
Spirillum, 173, 170, 183. 
Spirochata, 173, 176. 

denticvla, 177. 

plicatalis, 178. 
Spirogyra, 68, <>9, 178, 
Spores, of bacteria, 186. 

of ferns, 70, 

resting, 179. 
Spring clips, 15, 91. 
Staining, 82, 115, 116, 134. 
Stains, 229 et seq. 

aniline, 233. 
Starch,57,73, 77,94, 102. 

test for, 73. 
Sterilization, 1A6. 
SteriHzer, hot-air, 187. 

steam, 188. 
Stomata, 70. 
Sub-stage, 15. 

condenser, 29, 30, 62. 
Sugar, 154. 
Sulphonal, 53, 15C. 

Sulphuric acid, 7C, 81, 107, lOS, 181, 
246, 247. 

T. 

Teasing, 70, 106. 
Teeth, bacteria of, 176, 177. 
Test-tube cultures, 190. 
Thermometer readings, 249. 



Thin fluids, monnting in, 93, 96. 

plates, colors in, 49, 60. 
Tradetcantia Virginica, 76. 
Tube, draw-, 16, 22, 69. 

length, 22, 260. 
Tuberculosis, bacillus, 180, 181, 185. 
Turn-table, 37, 93, ft^, 97, 136. 
Turpentine, 7, 61, 82, !«, 101, 113, 118, 

127, 135, 137, i;i8, 180. 
Typhoid bacillus, 182, 186. 

U. 
Undulatory Theory of Light, 1, 
Uniaxial crystals, 43, 166. 

V. 
Vacuole, 76. 

Vampi/rella spirogyrm, 69. 
Vaseline, 194, 195. 
Vegetable sections, 67, 71, 104, 109 

et seq. 
Vibrio, 173, 175. 

W. 
Warm stage, 249. 

Water-bath. 41, 42, 91 . 13fl, i;ff, 138, 140. 
Water-immersion objectives, 24, 26. 
Water plants, 68. 

sediments, 79. 
Wave-lenj;ibfl of lijjht, 1, 2. 
Weigert's Mnlliod of fixing ceUotdln 
sect inns to glass slip, 161. 

picro-i'armiue, "iiO. 
Wickersheimer's Huid, 238. 
Wood, silicilied, 162. 

Z. 

Xylol, 89. 127, ISO, 343. 
balaam, 89, 101, 118,248. 



Yeast, 69. 



T. 



Z. 



Zenker's fluid, 146, 239. 
Ziehl-Neelsen Carbol-Fuchsln Method 

for Bacillus tuberculosis, 181. 
Zoiiglosa, 179. 
ZygnemaceiB, 68, 69, 77. 
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Ricksha Natural Histoiy Object I.eason9. Sufqilk* iBi<ma*6oa on plania aaJ 

Ikcir [iTDductt, -no anCciuls and their uaei, sod gyn* 'pednKS IcMDU. FiUlf UlUElnUd. 

Kicka's Object Leasoita and How tO Gire them. 

Vf^umc 1. Givefilusoru iorynnaij ^rac!f«. no pages. 90 cts. 

ViptWDC II. Civ«» lesoDS fi>r grqinm^r ami iotcrmedil'M sndci. luyagti, ^oetl. 

Sbalera First Book io Geology. ForbighidMai.offeiebcsiciaiahLKi'aiEuiBiKbaaL 
Sbalei'a Teachei^s Hethoda in Geology, An lii u Hk tsKhsr of Geoiiicr. 

71 tag"- PipM- 15 «s- 

SmtUi's studies in ITatOie. A wwWBa iww of DUnnl liuuty Uuoiai snl hin.ii^« 

4& pagfL Paper. 1 5 cti. 

iSm dJw Mir Aj/ efiiovJkt in StieiKt. 
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Mathematics 



Barton's Theoiy of Bqaations. A treatise for college classes. $1.50. 

Boviei't Acodamlc Algebra. For secondary schools. $1.13. 

Bowser's Collese Algebra. A full treatment of elementary and advanced topics. $i.sa 

Bowtei'a PIaub and Solid Geometiy. $1.25. Plane, bound separately. 75 cts. 

Bowser's Element!) of Plane and Splierical Tiigonometiy. 90 cis.; with tables, $i.4a 

Bowser's Treatise on Plane and Spberlcal Triconometry. Ad advaoced wort lor col- 
leges and technical schools. $1.50. 

Bowser's Five-Place Logaritbmic Tables. 50 cts. 

Fine's Nnmber System in Algebra. Theoretical and historical. $1,00. 

Gilbert's Algebra Lessons. Three Qumbers: No. i, to Fractional Equations: No. a. 
through Quadratic Equations; No. 3, Higher Algebra. Each number, per dozen, $1-44. 

Hopkins's Plane Geometry. Follows the inductive method. j$ cts. 

Howlond's BletDents of the Conic Sections. 75 cts. 

Leferre's Nnmber and its Algebra. Introductory 10 college courses in algebra. $!.>;. 

Lyman's Geometry Exercises. Supplementary work for drill. Per dozen, $1.60. 

IfeCnrdy'B Exercise Book in Algebra. A thorough drill book. 60 cts. 

Miller's Plane and Spherical Trigonometry. For colleges and tecbnical schools. $1.15. 

With six-place tables, $1.40. 
Hicbol's Analytic Geometry, A treatise tor college courses. $1.15. 
Osborne's DiSerential and Integral Calculus. $1.00. 

Peterson and Baldwin's Problems in Algebra, For texts and reviews. 30 cii. 
Kobblns'S Snrreying and NaTlgation. A brief and practical treatise, 50 cts. 
Sehwatt's Geometrical Treatment of Carves. $1.00. 
Waldo's Descriptive Geometry. A large number of problems systematically arranged and 

with suggestions. So CIS. 
Wells's Academic Arithmetic. With or without answers. $1.00, 
Wells's Bssentlals of Algebra. For secondary schools. $1,10. 
Wells's Academic Algebra. With or without answers. $1.08. 
Wells's new Higher Algebra. For schools and colleges. $1.33. 
Wells's Higher Algebra. $1.39. 
Wells's Dnlversity Algebra. Ocuvo. $1.50. 

Wells's College Algebra. $1.50. P:irl II, beginning with quadratics. S1.31. 
Wells's Essentials of Geometry. (1399.) Si.sj. Pf.a.-ie, 7J cts. Solid, 75 cts. 
Wells's Elements Of Geometry. Kci'iied. (1394.) S1.25, Pijv.ne, 7s cts.; Solid, 73 cts. 
WeUB'B Hew Plane and Spherical Trigonometry. For colleges ami technical schools. 

$1.00, Wiih six place tables, $r.25. With Robbins's Surveying and Navigation, $1.50. 
Wells's Essestials of Trigonometry. For secondary schools. 90 cts. With tables, 

$i.oB. Plane, bound separately, 75 els. 
Weill's Hew Six-Place Logarithmic Tables. 60 cts. 
Wells's Four-Place Tables. 25 cts. 

Por Arilhmitict ite mir list of books in ElttKCniary MathamUict, 
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Higher English. 



Bny'a History of English Critical Temu. A vocabulary of 1400 critical 

terms used in literature and art, witlicriticalaud historical data for their study. 
Cloth. 351 pages, ^i.oo. 

Cook's Jnditb. With introduction, translation and glossary. Cloth. 170 pages. 
fi.oo. Aw&n/'jfi^id'nn, without translation. Paper. 104 pages. 30 cents. 

Hall's Beowulf. A metrical translation of this ancient epic. Octavo. 118 pages. 
Cloth, 75 cents. Paper, 30 cents. 

Kluge and Lutz's English Etymology- A select glossary for use in the 
study of historical grammar. Cloth. 242 pages. 60 cents. 

HacEwan's The Essentials of Argumentation. A systematic discussion of 
principles, with illustrative extracts ; full analysis of several masterpieces, 
and a list of propositions for debate. Cloth. 430 pages, ^t.ii. 

HeiklejOhtt'8 The English Language. Part I— English Grammar ; Pai^ir — 
Composition and Versification; Part III — History of the English Lan- 
guage; Pari IV— History of English Literature. Cloth. 396 pages, fi.ao. 

Heiklejohn's English Grammar. Contains Part 1 and 11 of Meiklejohn's The 
English Language, with exercises. Cloth. 276 pages. So cents. 

O'Conor's Rhetoric and Oratory. A manual of precepts and principles, with 
masterpieces for analysis and study. Cloth. 352 pages, f 1.12. 

Pearson's The Principles of Composition. Begins with the composition 
as a whole. Paragraphs, sentences and words are treated later, and in this 
order. Cloth. 165 pages. 50 cents. 

Strang's Exercises in English. Examples in Syntax, Accidence, and Style, 
for criticism and correction. New edition, revised and enlarged. Cloth. 160 
pages. 45 cents. 

William's Composition and Rhetoric. Concise, practical, and thorough, with 
little theory and much practice. Cloth. 344 pages. 90 cents. 

Monographs on English, 

Bowen's Historical Study of the O-vowel. Cloth. 109 pp. . . . f 1.2; 

(ienung's Study of Rhetoric in the College Course. Paper. 32pp. . , .25 

Hempi's Chaucer's Pronunciation. Stiff Paper. 39 pp .50 

Huffcut's English in the Preparatory School. Paper 28 ppi - , . .25 

Woodward's Study of English. Paper. 25 pp ,25 

See also our list of books in Elementary English, 
English Literature and English Classics. 
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English Literature. 



Tha Alden SbakeBpeare. TSe plays in t>ieir litctacy aspect, each with iDtroduction, tatet, 

prctativc notes, glossary^ and essay on metre. 40 cts. 

Baike'e American OratlouB. (A. J. GRORaH.) Five complete selections. 50 cti. 

Bnnis's Select Poems. (A. J. George.) iiS poems chronologicallyarranged, with intro- 
duction, notea and glossary, ILIustraled. 75 CIS. 

ColeridEOPliDCipleSOf CritiCiBm. (A.J, Ghorcb.) FramthcBingra/Aia Lileraria. 

With porltail. 60 CIS. 

Cook's Juditli. With iniroduction^ translation, and glossaty. Cloth. 17a pages, fi.oo. 
Stuaent's Editiott^ without trant^iation. Paper. 104 pages. 30 cts. 

Cook's Tl>e Bible and English Prose Style. 40 cts. 

Corson's Introduction to Browninfi. A guide to the study of Browning's poetry. Also 
has 33 pocuis with notes. With portrait of Browning, f 1.00. 

COTSOn'B Introduction to the Stady of Shakespeare. A critical study ol Shakespeare's 

art, with comments on nine plays, ^t.oo. 

DATidson'B Prolegomena to Tennyson's In Hemoriam. A critical analysis, with an index 

of the poem. 50 cts. 

DeQulocey's Confessions of an Opintn Batei. (G. A. Wauchofk.) A complete and 
scholarly edition. 50 cts. 

HalVs Beowulf. A metrical translation. 75 cts. Student's ediiittn, 30 cts. 

Hawthorne and Leromon's AtneriCan Literature. Contains sketches, characterizatiotu, 
and .selections. Illustrated with portraits. $1.13. 

Bodgkins's nineteenth Century Authors. Gives lull list oi aids [»r library study o( 16 

authors. A separate pamphlet on each author. Price, ^ cts. each, or $3.00 per huu- 
dred. Complete in cloth. 60 cts. 

Heiklejobn'B History of Bnglisb Languaee and Literature. For high schooli and 

colleges. A compact and reliable statement of the essentials. So cts. 
HoultoD's PourTears of Hovel-Reading. A reader's guide. 5a cts. 

Monlton's Literary Study ^Of the Bible. An account of the leading forms o( literatur* 

represented, withoitt relercnce to theological mAtters. ^a.oo. 

FlQm]>tre'8 Translation of Aeschylus. With biography and appendix, f 1.00. 

Plumptre'B Translation of Sophocles, With biography and appendix, (1.00. 

Shelley's Prometheus Unbound. (Vilm D, Scuduer.) With introduction and notes 
60 cts. 

Slmonds's Introduction to the Study of English Fiction. With illustrative selectloss. 
80 cts. lirir/er Edition, without illusti-ativt sclecuons. Boards. 30 cts, 

SimondB's Sir Thomas Wyatt and his Poems. With biography, and critical analysis of 
his poems. 50 cts. 

Webster's Speeches. (A. J. George.) Nine select speeches with notes. 75 cts, 

Wordsworth's Prefaces and Essays on Poetry. (*■ J' Gbob';e.) Contains the best ol 
Wordsworth's prose, 50 cts. 

Wordsworth's Prelude. (A. J. Gbohgk.) Annotated for high schools and colleges. Never 

before published alone. 75 cts. 

Seleetiona from Wordsworth, (a. J, Georoe.) t68 poems chosen with a view to illus- 
trate the growth of the poet's mind and art. 75 cts. 

Set also our list of books in Highrr EMgtisA and Ettgiitk Classics. 
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Heath's Pedagogical Library 



I. Cemrajri't Biitory of Pedifcoey. "Th« ita tmd Di«t compreluiuifo ha 

lury of Educalion in English. — Dr. G. S, HalL $'. Ti- 
ll. Compavre'a LECtaT«S oa TescblSf. " The best book in ciistcncc on thcaiy 
aTid jDractifze, " — Pres- M A'CAlistbr, DjiG'iel In^tiluKF. $Ti75i 

Jll. CDrnpayii^'s Psycl]alDg<r App1i«d toBducatloa. qc as. 

IV. BoUMeau'S Emilc. " Peiliapi the most infliifniial book ever writtcii oP the 
aubjccE ai cJik^Iiciti."' — R* H, Ql'ICM. ^ ct&. I [>djKr', 35 eCa. 

V. Peal>ody'al*oHiceB toKinaMgartoors. Illustiaied. Si.m. 
VE. PestH.lBzzi'»Le0aaril aod Gi^nnide-, lllusira'te<I. 90CIS.: papcj', xj-cti, 
vii. Rsdestocb'ifrPaiiTtiaBaucatiM. 75^". 

Viti. Raamini's Hetbod. in Education. "The most imponant pedagogiea] wotl 
ever wri n til," — 'J'hcih.^s David^QW, $1,501 
rX. Ball's Blblioeiaphy nt Education. CoTcra crriy dcpurtnicnt. tz.jo. 

X. GIU'B Systems oj Education. £1,9;. 
XI. De Garmo's Eaaestiala of UetbM. A pisctiiril exiKULiioa a! mtthodi with 

illiL^irJlU'i^ iikiilniies iii cci[iinir>n wiIicxjI sludin. 65 c]&. 
Xn. Halleson^s Esrly Trainiii£ of Childcen. 7501.; paper, 1; cu. 
Xltl. H*U'H MetbodAOl Teacbing HiAtoiy. A collectioa of papers by leading eda' 

KIV. newaboLma's SOuiol Hyeleae. 754:1^'. paper, T;cie. 
XV. BflOaTaiP'iLinanei'gPiycii0X?ey. Thehesimsnn*! eDtrprepsred Irom ihe 

Hcibaniiin 5landpoint. £i.oc. 
XVI. Iifl.D£e'8 ApJierceDtloili The mast popular munofiaph oa psythology ■nrl 
p>eiI:igo;E^ ihai hns as yet appe^rctl. $i.ikj. 
XVCI. MetboiJa ot Teaching Modern Langnajea. qo cia. 
XVIII. Felkio's Eeibait'sIntroductioQli) tbs Science and Practice of Bducatlan. 
Willi an iiiiimlLciirifL bj- Osrnr BTOwriiig. $i.on, 
XIX. Serbitrt'S Science of EdU'CAtiDU. Ini:lud«i a tr^nslaiion of the AUiemtin* 

i^eiihl^it^tk. $I,«J- 

XX. Hertord's StudenfsFrOebel. jscts. 
XXr. SiQf aid's Laboratory Goiivb« In P&y8ioloEieaiP«ych«tOET. v cts. 
XXIL Tracy's PsycbolO'gT of CbUdlio^sd. Tlic lirst trcnilac coHjlB.g in n sckuiiG^ 

tnanEicr iIjs wliLtfe field of child psychology. 90 cu, 
XXITT. Dfer'i IcEroductioQ to tbe Pcdaeo^y^of Heibatt. 90CIS. . 
XXIV. Munroe's Educational Ideal. A biif-i biymry nf educaiion. $i.oa. 
XXV. tiulcerii'B The Conccction between TbOUfbt &Qd UenUHT- Baicd od 

Diirpfeld's- Dcif't-'i ;^WGfrf.Jc4»ii«. $1.00. 
XXVI. BSEltBhl 13 American tJniverBitles. Papers by profeuont in Rrealy reprenen. 

lalivc ir^liiuLaoiiSi $7 .en, 

XXVII. CoMsniys's Tbe scbool ot Infancy. Ei.m. 
XXVIII. RtLsaeU'sCbildObBervatioaB. Kirst SeriE&: Imiwdoa andAIIJed Aetlvltka. 

$-c,so- 
X^I^vre'aTlu ruber and its Algebn. Si.-:;. 
$beiauD-BaiiieH'» -Studies la Historical UetbiOd. Mttbodaa dctcimlDGd l^ 

the n;iiu;'c oi history nnd tt« pim ot ji£ aiudyi 50 ci'. 
XXXI. Adanis'B TUB Eerbartian pgychglogy Applied tg Bdncation. A leriesof t^ 

&ay&in Icjuicli iw-icls pif^enil n-ccds. 3>a.QO_ 
Roeec Aschatu'i The Ecboleusiter. $i..'s. 
Tbainpa'aD'i& Day Drearoa of a Scliaal master. $t.a;. 
Bichter'A Levana; or, TIls BoctTlae af BducattOD. "A iplrited and 

SEhokrly book."— ProL W. H. Paynb. $1.40-. 
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sent br null, pg»tpiii4, on iec«lpt ol vdem. 
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